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ABSTRACT 

A laboratory formulation study was undertaken to 
develop new gasoline Incendiary mixtures containing polymeric 
viscolizing agents. Major emphasis was placed on combina- 
tions of isobutyl methacrylate polymers with diverse soap 
forming ingredients. The optimum type and amount of each 
of the basic gel ingredients was determined. Based on 
physical studies and surveillance tests, 80 gel formulas were 
chosen for evaluation in performance tests in one of five 
munitions. Three methacrylate gel formulas have been accepted 
and manufactured. Problems of commercial gel manufacture 
vere investigated in a continuous pilot plant. 

This document contain! information affecting 
the national defense of the United States within 
the meaning of the Espionage Act, 50 U. S.C., 
31 and 22. Its transmission or the revelation of 
its contents in any manner to an unauthorized 
person is prohibited by law. 
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Synthetic Polymers as Gasoline 
 Thickening Agents  

I. Introduction 

A study of the thickening of gasoline by synthetic 
polymers has been in progress in this laboratory since 
December 30, 1941. The major effort during the first six 
months was to assist the Technical Division of the Chemical 
Warfare Service* in the development of incendiary fillings 
for the M-47 bomb. Prom August 1, 1942 to February 29, 1944, 
the work was continued under an Office of Scientific Research 
and Development. National Defense Research Committee**, Con- 
tract, OEMsr-744, on incendiary fillings for M-47, M-69 and 
E-9 bombs and frangible grenades. 

The first gel samples were submitted for Inspection 
to CWS February 5, 1942 and were tested at Edgewood Arsenal 
as fillings for the M-47 incendiary bomb on March 3, 1942. 
The major effort during the next few months was to "high- 
spot" formulation, Ingredient requirements, and methods of 
manufacture of gels containing isobutyl methacrylate polymer 
for use in the M-47 bomb. The operation of a continuous gel 
pilot plant was demonstrated to CWS on April 10, 1942. During 
the cooperative studies with CWS, an Investigation of the manu- 
facture of NR and AE grades isobutyl methacrylate polymer and 
the preparation of lnterpolymers of isobutyl methacrylate with 
small amounts of methacrylic acid were completed. 

Prior to the start of the OSRD contract, several 
polymer samples were forwarded to groups working both on In- 
cendiaries and on flame throwers for the NDRC. At a request 
received April 30, 1942 from the NDRC, the F-241 formula gel 
(see Table 1, pg. 7) was prepared for inclusion in a fuel re- 
view for the M-09 (then termed M-56) bomb which was held May 
3, 1942 at the Standard Oil Development Co. Laboratories at 

* Abbreviated CWS throughout this report. 
** Abbreviated OSRD, NDRC throughout this report. 

This document contains information affecting 
the national defense of the United C.ötos within 
the meaning of the Espionage Act, SO U. S.C., 
31 and 32. Its transmission or the revelation of 
its contents in any manner to an unauthorized 
person is prohibited by law. 
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Bayvay, New Jersey. Following these tests, further formula- 
tion, firing, and surveillance tests on the F-241 gel were 
started in cooperation vith the Standard Oil Development 
Company, and were continued under the OSRD contract after 
August 1, 19*12. The program outlined under the OSRD contract 
included:  (a) the formulation of methacrylate gels to develop 
superior gasoline incendiary mixtures and to reduce the need 
for critical ingredients, (b) the study of other polymers as 
gasoline viscolizing agents, (c) the development of specifica- 
tions for gels and the individual components of the gels, (d) 
the development of physical methods of testing gels to control 
manufacture and to assist laboratory development of new 
formulas, and (e) the servicing of munitions vith incendiary 
gels as requested either by NDRC or by CVS. During the course 
of this work requests vere received for materials to be loaded 
into five munitions (M-69, M-47, and E-9 incendiary bombs, 
frangible grenades, and the portable flame thrower;. Four 
methacrylate gel formulas (IM-1 to 4) have been adopted and 
manufactured by the CVS while other formulas are now under 
advisement. 

This report is a complete review of the work done 
under OSRD Contract OEMsr-744 combined with such data from 
previous work as appear pertinent. Reports from this Depart- 
ment on specific phases of the work have been circulated to 
both NDRC and CVS and by reference constitute a part of this 
final report. These Include: 

1. Isobutyl Methacrylate-Methacrylic £cid Interpolymers 
as Gasoline Thickening Agents. Formal Report from 
E. I. duPont de Nemours &Co. to NDRC Section 11.3 
by E. C. Kirkpatrick. April 26, 1944. 

2. Chemical Ignition of Flame Throwers - A Critical 
Review of Proposed Techniques. Formal Report by 
E. C. Kirkpatrick to NDRC Section 11.3. February 
22, 19^4. 

3. Proposed Surveillance Conditions based on Veather 
Information from the Air Force and the U.S. Veather 
Bureau. Letter H. R. Dittmar to Dr. R. R. Ewell, 
December 14, 1942. 

. 4. Laboratory Examination of Experimental Incendiary 
Gels Produced at the Vesterville, Ohio Plant of the 
Kllgore Manufacturing Company. Letter E. C. 
Kirkpatrick to H. R. Dittmar, January 18, 1943. 
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5* Report on Visits to the Kilgore Manufacturing 
- • Company. E. C. Klrkpatrlck to H. H. Dittmar, 

December 22, 19^3. 

•W       6. Inspection of IM-2 Gels Produced by the Kilgore 
Manufacturing Company. Letter E. C. Klrkpatrlck 
to Brig. Gen. V. C. Kabrich, August 9,  1943* 

7. Inspection of IM-3 Gels Produced by the Kilgore 
Manufacturing Company. Letters H. Peterson to 
Brig. Gen. W. C. Kabrich, December 1, 19^3, and 
E. C. Klrkpatrlck to Brig. Gen. V. C. Kabrich, 
August 9,  19«. 

8. Properties and Examination of IM-3 Incendiary Fuel. 
Covering letter D. E. Strain to Brig. Gen. V. C. 
Kabrich, May 17, 19*3. 

II. Summary 

A. General 

In an extensive laboratory search for stable thicken- 
ed gasoline mixtures of high strength and good incendiary 
characteristics approximately 2,500 different gels were pre- 
pared. Isobutyl methacrylate«polymers and other synthetic 
resins were combined vlth soap forming acids, strong bases, 
fillers, and gasoline with or without other fuels. Based on 
laboratory surveillance tests and physical measurements, 80 
gels were chosen for field evaluation in one of 5 munitions. 
An additional 700 gels were then prepared to standardize the 
most effective compositions. Problems involved in plant scale 
manufacture of Isobutyl methacrylate gels were Investigated. 
A series of gel formulas of graded toughness, representing 
the compositions prepared during this study most suitable as 
lnoendiary fillings, are listed in Section F. 

B. Gel Formulation with Methacrylate Polymers 

The study of gasoline gels thickened by polymers 
of Isobutyl methacrylate Is reviewed by summarizing the effect 
on gel properties of varying in turn the nature and concen- 
tration of each of the basic gel components. 

Gel preparation generally Involved formation of a 
low viscosity gasoline solution containing isobutyl methacrylate 
polymer and soap forming acids which were gelled or thickened 

CLASSIFIED - CONFIDENTIAL 
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by the addition of a small amount of aqueous alkali. In 
general the polymer determines strength characteristics while 
the soap Ingredients contribute tody to these mixtures. 

1. The range of strengths required of gels for the 
various Incendiary munitions vas covered by using NR or AE 
grade Isobutyl methacrylate polymer for the weaker gels and 
one of a series of lnterpolymers of Isobutyl methacrylate and 
methacryllc acid In the strongest gels. Polymer content of 
soap fortified gels was varied between 1 and 10£. The minimum 
polymer contents consistent with stability and the various 
desired gel strengths were determined. 

2. A large number of soap forming acids were assessed 
as gel bodying agents. Formulation of the six most effective 
acids was Intensively studied In gels containing various com- 
binations of 2 or 3 acids. Of these six acids, stearlc and 
olelc acids Impart stiffness, body, and high temperature 
stability to all types of methacrylate gels. Naphthenlc acid 
and dlmerlzed soybean oil acids act as gel plastlclzers, while 
wood rosin and Turkey red oil normally function as plastlclzlng 
agents but occasionally fulfill both of the above functions. 
The most effective acid combinations are stearlc acid- 
naphthenlc acid; stearlc acid-naphthenlc acid-wood rosin; 
stearlc acid-dlmerlzed soybean oil acid; and stearlc or 
naphthenlc acids alone. 

3. To study the effect of the gelation agent strong 
and weak bases were tested at various ratios of acids to base 
to water. Only strong bases caused effective gelation. The 
use of aqueous sodium hydroxide, ground lime, and calcium 
hydroxide was studied In detail. Unsuccessful attempts were 
made to prepare stable gels with ammonia or amines. 

4. Stiffness and a reduction In resilience were Impart- 
ed to strong, fluid gels containing Isobutyl methacrylate- 
methacrylic acid lnterpolymers by the addition of Inert solid 
materials. Ground alpha-cellulose was the most effective filler 
tested. 

5. Other NDRC research groups studied the gasoline re- 
quirements of methacrylate gels and concluded that an aniline 
point below 105°F. was required to obtain gel stability. 

6. The addition of toluene improved the stability of 
soap-free isobutyl methacrylate-methacryllc acid interpolymer 
gels. Other solvents tested were less suitable. 

i 
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C. gel Formulation with Methacrelate Substitutes 

In a search for isobutyl methacrylate substitutes 
a formulation study of other commercial resins vas undertaken. 
A search for gasoline soluble polymers other than methacrylates 
revealed only the polyvinyl ethers, Vlstanex (polylsobutylene) 
and the rubber substitutes derived from vegetable oils. Satis- 
factory strength in gels containing the latter two materials 
were obtained only when the polymer content exceeded 10#. The 
polyvinyl ether procured from the General Aniline & Film 
Corporation was tested as a direct substitute for polyisobutyl 
methacrylate and as a constituent of soap-free gels. The 
properties of polyvinyl ether gels are comparable to those 
prepared from methacrylate polymers. Evaluation of these mix- 
tures as flame thrower fuels has been undertaken by other NDRC 
groups. Gel preparation was attempted with other commercial 
resins, especially ethyl cellulose, by adding an auxiliary 
solvent to the gasoline. It was concluded that without further 
modification such polymers do not impart sufficient strength to 
gasoline-soap gels and that the use of a water miscible auxiliary 
solvent results in poor high temperature gel stability. 

Modification of existing commercial resins and the 
synthesis of new polymeric gasoline thickening agents was 
"high-spotted11. While several gasoline solüble cellulose and 
vinyl resins were prepared, degradation occurred during the 
introduction of functional groups so that only low molecular 
weight materials were obtained. 

Attempts to prepare polymer-free gels Involved the 
use of asphalts, gums, factices, carbon black, and miscellaneous 
organic solids. When gels were obtained they were weak and 
had a high solids content. 

D. Physical Measurements 

The physical properties of various gels were compared 
with the results of field evaluations and the sensitivity of 
various tests to minor changes in composition of a given gel 
formula were determined. To obtain significant characteriza- 
tion of methacrylate gels it was necessary to modify existing 
methods and to develop new techniques. New physical measure- 
ments developed under this contract include the so-called 
Impact Strength, Parallel Plate, and Burning Rate tests. The 
Impact Strength, a measurement of consistency at a high shear- 
ing force, was useful in gel research to predict behavior of 
diverse gel formulas in static firing tests. The Parallel 
Plate test, a measurement of body under a low shearing force, 
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vas adapted to plant control on specific gel formulae where it 
shoved excellent sensitivity to quality of ingredients and 
method of compounding. The burning rate test gave a comparative - 
measure of the incendiary characteristics of diverse gels. 

The stability to exposure to both high and low tempera* * 
tures of gels prepared during the formulation study vas de- 
termined and has been correlated with gel composition. 

E. Pilot Plant Tests 

A continuous method of preparing methacrylate gels 
which involved mixing the aqueous base with a gasoline stock 
solution (containing resin and soap-forming acids) in a 
centrifugal pump was developed and studied on a pilot plant 
scale. Operation of this unit was demonstrated to the CWS 
and to representatives of three industrial concerns under con- 
tract to load small incendiaries. The problems of continuous 
manufacture including method and rate of mixing, production 
capacity, the effect of temperature and the technique of 
pumping alpha-cellulose suspensions in gasoline were investi- 
gated both in our pilot plant and in cooperation with the CWS 
in their commercial loading plant at Westerville, Ohio. Per- 
formance tests were made on pilot plant product to confirm 
earlier conclusions drawn from gels prepared batchwise in the 
laboratory. Based on these results assistance was given to the 
CVS in drawing specifications on the ingredients and on the 
composite gel for each of three methacrylate gel formulas. 
Unsuccessful attempts were made to prepare lime gels in a 
continuous manner. 

F. Applications in Munitions 

The results of field tests in cooperation with other 
groups on methacrylate gels as fillings in four incendiary 
munitions are reviewed as they pertain to gel formulation 
studies. Based on such tests and on surveillance studies a 
preferred group of methacrylate gels of graded toughness has 
been listed in Table 1. For comparative purposes a few com- 
petitive gel formulas are included. These mixtures are dis- 
cussed below in relation to the munition in which they were 
tested. The development of physical methods of evaluating 
gels and calibration of the test values against the results of 
field trials of incendiary munitions has yielded for each 
munition a specific range of physical properties which appears 
optimum. 
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1. M-69 Incendiary Bomb 

It la believed that a filling for the M-69 bomb 
should have an impact strength (test procedure described in 
Section IV-D) in the range of 4 to 9 C scale units. Somewhat 
weaker gels may prove satisfactory if they are fluid and 
adhesive. 

Three gel formulas have been used during commercial 
production of M-o9 incendiaries; two additional formulas are 
proposed for future consideration. The IM-2 formula was the 
original large scale M-69 filling. This was superseded by the 
IM-3 mixture which had equal if not superior firing charac- 
teristics, and which required only 40# as much isobutyl 
methacrylate polymer. Even with this polymer saving, the 
quantity allocated was insufficient for use in all M-69 bombs. 
The remainder of the M-69 manufacturing program used a gasoline 
gel containing 8$ Napalm. In a joint CWS-NDRC field review of 
candidate M-69 fillings held November 19 to 21, 1942, it was 
found that the F-624 gel (Table 1) had incendiary characteristics 
superior to those of either the IM-2 or IM-3 gels. Acceptance 
of this formula was held in abeyance due to questions concern- 
ing stability and method of manufacture. These uncertainties 
have been successfully eliminated and its reconsideration is 
suggested. The F-962 formula which is also proposed for ' 
evaluation as an M-69 filling has a higher fuel content and a 
faster burning rate than any of the above mixtures. While 
its physical properties are in the range believed optimum for 
M-69 gels, its field performance has not as yet been determined. 

2. E-9 Incendiary Bomb 

The exact strength requirements of fillings for this 
bomb have not been clearly defined but are obviously high. For 
fluid resilient mixtures the optimum Impact strength appears 
to be in the neighborhood of 12 D scale units. 

Based on static firing tests by the Texas Company, 
gels A-J487 and A-3489, which are interpolymer gels of low 
soap content, have been chosen as fillings for this experi- 
mental bomb for use in field evaluations and acceptance tests. 
The latter has a slightly higher fuel content and a simpler 
composition but requires gasoline of low aniline point. The 
A-3487 gel is preferred by this group due to its greater ease 
of manufacture and its Improved flow during combustion. The 
strength of the F-1948 formula is probably on the high side of 
that required. Its use is suggested only if the other formulas 
prove inadequate 
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3. M-47 Incendiary Bomb 

The optimum Incendiary fillings for the M-47 bomb 
have Impact strengths In the range of approximately 11 to 16 
B scale units. These limits are necessarily vague because of 
the possible variations In the type of burster veil and case 
that come under this single classification. 

Gels which have been employed In M-47 bombs In the 
field Include 8# smoked sheet rubber, 13.5# Napalm, and the 
IM-1 and IM-4 formulas. The first mixture contains a critical 
material that could not be procured, while the high soap content 
of the second leads to friability. The two accepted IM formulas 
differ largely In polymer content. The F-1440 formula Is also 
listed In Table 1 as an M-47 filling since It resembles the 
IM-4 gel but has Improved adhesion to wood. The three 
methacrylate gels all contain lime as the gelling agent and 
thus have slow burning rates and do not adhere strongly to 
wood. Three methacrylate gels containing aqueous caustic 
rather than lime have proven acceptable In M-47 firing tests. 
The IM-1 formula was chosen over the first of these, the F-107 
formula, due to manufacturing considerations. The other two, 
F-519 (4# of 0.3 lnterpolymer, 1.5# stearlc acid, 1.5# 
naphthenlc acid. 2f> of 4o$6 NaOH) and F-330 (5% of 0.1 lnter- 
polymer, Vjf>  of 4056 NaOH), In preliminary tests appeared superior 
to the lime gels. The later successful stabilization of soap- 
free lnterpolymer gels for use In the F-9 bomb by the addition 
of toluene suggests a re-evaluatlon of this type of filling 
In the M-47. 

4. Frangible Grenades 

Methacrylate gels with the proper consistency for 
use in frangible grenades had modified Stormer viscosities of 
40 to 200 R.P.M./oOO g. (see Section IV for test procedures) 
and Gardner Mobllometer values of 20 to 200 grams/1.5 min./ 
10 cm. While the F-1416 gel meets these requirements, the 
use of existing methacrylate gels In frangible grenades is 
not recommended since other mixtures, notably gasoline solu- 
tions containing 2-5$ of Napalm or Vistanex (polyisobutylene), 
have superior low temperature properties. 
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III. Discussion of Requirements on Incendiary Fillings 

A discussion of the qualities vhich produce a superior 
Incendiary filling involves the principles of incendiary attack. 
No incendiary bomb contains sufficient fuel to cause appreciable 
destruction per se. The purpose of the Incendiary filling is 
to ignite combustible material present at the target and to 
initiate a destructive fire. An incendiary bomb should there- 
fore deliver its active contents near combustible material in 
a concentration sufficient to Ignite this material but not 
greatly in excess of this amount. Since fire raising Is based 
on probability factors, the greater the number of units, each 
of effective size, Into vhich the bombing load can be split 
the greater is the destruction obtained. It is therefore 
obvious that certain requirements on incendiary fillings will 
vary in different munitions  These include the Incendiary 
characteristics and the distribution in performance. Funda- 
mental requirements vhich are independent of the munition include 
stability, ease of manufacture and availability. A general 
discussion of these requirements, as applied to gasoline gels, 
Is folloved by a description of the munitions in vhich these 
gels vere tested. 

A. Distribution 

The complete analysis of the factors affecting gel 
distribution Include not only the manner in vhich the gel is 
ejected from the munition but also its reaction on reaching 
the target and its properties during combustion. The most 
limiting requirement on all incendiary gels is that they have 
sufficient strength to resist disruption under the force de- 
signed to distribute the gel into favorable locations. This 
Involves a high shearing force. It has been demonstrated In 
many tests that at least 2 pounds of gasoline gel must support 
a fire in a "normal" target If that fire is to spread rapidly. 
For small bombs vlth a gross velght of 10 pounds or less it is 
therefore essential that the major part of the fuel remain In 
contact. If all the fuel in large bombs, hovever, vere to 
stay as a unit, then part of the gel vould be vasted. In such 
munitions the gel should break into several pieces, each piece 
being of a size capable of Initiating an individual fire. 
There is, hovever, an Important psychological effect obtained 
from a large number of small fires  It is therefore agreed 
that it is desirable that possibly 5 to 10$ of the gel should 
scatter in small particles. 

In an ejection type bomb, assuming gel strength 
to resist scatter on ejection, the gel is throvn from the bomb 
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and its flight will be Interrupted by an obstacle that may be 
combustible. The behavior of the gel on reaching such an 
obstacle is the second requirement that is readily studied. 
Elastic materials tend to bounce away from the obstacle to 
fall in a location that has little chance of being favorable. 
Weak gels will shatter on Impact so that the incendiary effect 
is dissipated. It therefore appears desirable that on impact 
the gel spread enough to lose its momentum but remain as a 
single fire unit - Early wood combustion tests indicated that 
the optimum thickness of such a gel smear was l/k  inch. For 
optimum action the gel should adhere to the obstacle. Once 
combustion of the target has been initiated the gel should 
then flow at the same rate as the fire travels to assist the 
spread of the fire. This means that the burning gel should 
have sufficient viscosity to adhere and stay in the fire area. 
A gel which neither scatters, adheres nor rebounds will spread 
along the base of the obstacle. This location is second in 
effectiveness only to complete adhesion. The extent to which 
the gel spreads on impact and its tendency to flow appear to 
be correlated with its viscosity under a low shearing force. 

It is anticipated that when these munitions function 
in the field the gel temperature may be between room temperature 
and as low as -40°F. Since bombs are transported to the 
target in unheated bomb bays at high altitudes, it is believed 
that even in warm climates the bomb filling will be cooled to 
70°F. or below before use. In high altitude, long range 
flights the bomb may cool to -50°F. resulting in a gel tempera- 
ture of -40°F. For these reasons performance tests on gels 
were made at 70°F. and -40°F. while tests at higher temperatures 
appear irrelevant. This implies that the consistency of the 
gel, which in part determines the distributional properties 
described above, should be as nearly as possible independent 
of temperature in the range 70°F. to -40°F. 

B. Incendiary Characteristics 

The minimum conditions which will cause combustion 
of wood are a combination of temperature and time of exposure. 
Thus a good incendiary gel not only makes available a large 
quantity of thermal energy, but also is able to liberate this 
heat at a specified rate. The optimum rate of heat liberation 
is closely allied with both the particular munition and the 
type of target under consideration. A decision on the exact 
burning rate desired in a gel must be based on incendiary field 
tests which include an analysis of fire raising powers. The 
best estimates available indicate that the duration of com- 
bustion of the distributed gel should be in the range of 3 to 
20 minutes with the shorter times for the most combustible 
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targets. The shorter the time required for the fire to get 
beyond control, the greater the probability that enemy fire 
fighting will be Ineffective. Comparison of the total heat 
available In different gels should be made on a volume not a 
weight basis since the bomb load of a plane In general Is 
limited by the number and size of the bomb stations. 

Some Inferior gels exhibit partial Instantaneous 
combustion when the bomb Is fired. This flash fire Is In- 
effective and Is caused by the presence of free gasoline or 
by excessive breakup. Gel breakdown yielding free gasoline 
may occur either In gels unstable to temperature changes or In 
gels whose structure Is broken by the Impact forces. 

While the burning rate of a gel Is little affected 
by Its Initial temperature, the Ignition of the gel Is more 
difficult as this temperature decreases. The attainment and 
extent of Ignition Is, however, largely determined by the 
design of the munition. 

C. Stability 

Inferior gels exhibit phase separation during storage. 
The presence of an unthickened gasoline phase causes flash burn, 
alters the physical properties of the gel phase to change gel 
distribution on ejection, and In tall ejection bombs makes gel 
Ignition difficult. The presence of two gel phases may de- 
crease flight stability of a munition. It Is therefore a 
requirement of an Incendiary filling that it exhibit no break- 
down and that it perform satisfactorily, after it has been 
held at such temperatures as it might experience In shipment 
to and In use in the field. These conditions are discussed 
in the section describing surveillance tests. 

D. Ease of Manufacture 

While the factors affecting performance are of major 
importance, a consideration of two equally effective fillings 
would also include the problems of procurement. An ideal gel 
would be made from available materials by a simple technique 
which would involve minimum safety hazards. The normal 
variations in composition of the Individual ingredients and 
of the combined mixture experienced in large scale manufacture 
should not affect gel properties materially. 

E. Description of Munitions 

Polymer thickened gasoline gels have been prepared 
for appraisal as fillings in four incendiary munitions. These 
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dlffer radically In the forces employed to disperse the gel. *~ 
Since an Increase In gel strength tends to decrease the 
Incendiary quality of a gel It appears desirable to use In a 
given munition a filling which has only slightly more than the 
minimum required gel strength. For this reason the optimum 
gel formula varies for each of the following munitions listed 
In order of Increasing ejection forces: frangible grenade, 
M-69 bomb, M-47 bomb, E-9 bomb. 

1. M-69 Bomb 

The 10 pound M-69 Incendiary bomb (CVS Specification 
196-131-99A) was developed by the Standard Oil Development 
Company under NDRC Contract OEMsr-354. It Is a tall ejection 
bomb principally designed for area bombing of domestic targets. 
It has a terminal velocity when dropped from altitudes greater 
than 10,000 feet of 225 feet per second. This Indicates that 
the bomb will penetrate and remain Inside flimsy to moderately 
protected structures. Since the construction of such targets 
usually Includes readily combustible material, a suitable 
filling should therefore be rapid burning. 

The hexagonal shaped bomb contains a heavy steel 
powder chamber separated from a sheet metal enclosed fuel 
chamber by a diaphragm. The powder chamber contains the fuse, 
the delay element, and the ejection and Ignition charge. The 
latter Is a mixture of 7 2 grams of A-4 black powder and 4.fc 
grams of coated magnesium*. The fuel chamber Is closed at 
the base by a cap which Is seamed to withstand a pressure of 
100 pounds gage but to disengage when the Internal pressure 
reaches 150 pounds gage. The gel Is supported In an open 
weave cheesecloth bag. The powder charge breaks the diaphragm 
when the pressure In the powder chamber reaches approximately 
500 pounds per square Inch  This pressure wave then forces 
off the tall cup and ejects the gel In one piece mortar- 
wise. In flight from the bomb the gel Is believed to reach 
an approximate speed of 100 feet/second. The cheesecloth 
sock Is of such a strength that It prevents gel disintegra- 
tion In ejection flight but breaks when It hits an obstacle, 
allowing the gel to spread. The bomb will hold 2.8 pounds of 
a gel having a density of 0.75- 

2. E-9 Bomb 

The 40 pound E-9 Incendiary bomb now under develop- 
ment by the Texas Company under NDRC Contract OEMsr-898 Is 
a tall ejection type bomb designed for precision bombing of 
industrial targets. It reaches Its terminal velocity of about 

*An alternate mixture of 10 g. of A-l powder and 4 g. of coated 
magnesium has also been used. 

CLASSIFIED - CONFIDENTIAL 
t— 



CLASSIFIED - CONFIDENTIAL 

-14- 

900 feet per second when dropped from 30,000 feet. The 
present design of the bomb calls for the Inclusion of 10 
pounds of Incendiary gasoline gel. Due to the relatively 
noninflammable nature of Its Intended target It Is believed 
that this filling should act as a single fire unit on ejection 
and that It should burn over a slightly longer period than 
Is optimum for the gels In the M-69 bombs. 

The nose of the bomb contains an Impact fuse, an 
ant1-personnel element and the ejection charge. The ejection 
charge, 16 grams of black powder, Is contained In a frangible 
dome which Is surrounded by a second dome containing 1 pound 
of white phosphorous. The remainder of the body of the bomb 
and the cone supporting the tall are filled with gel. The 
weakest spot In this container Is the joint connecting the 
body with the tall cone. The bomb functions when the explosion 
breaks both domes, breaks off the tall cone, and finally blows 
out the gel and the phosphorous. Ve believe this bomb requires 
a tougher gel than any other munition studied. 

3. M-47 Bomb 

The M-47 Incendiary bomb differs from the M-69 and 
the E-9 bomb In that It Is an Internal burster well type and 
It Is usually not clustered but rather hung as a unit In a 
bomb bay. The case was originally designed by the CVS to be 
filled with chemical agents and has the normal stream-lined 
shape of high explosive bombs. A 1 Inch diameter hole at the 
point of the nose ojlve Is used to fill the bomb with Incendiary 
gel and later after loading supports the end of the Internal 
burster well and the Impact fuse. The Internal burster well 
extends the complete length of the axis of the bomb. The M-12 
burster consists of a mixture of black powder and magnesium In 
a burster tube. The M-12 burster Includes an outer shell of 
white phosphorous and an Inner coaxial core of tetrytol pellets 
separated from the phosphorous by a steel wall. When the bomb 
functions the explosion breaks the burster well, forces the 
Ignition agent (Mg or P) Into the gel chamber, ruptures the 
case, and throws the gel In all directions over a circular 
area. In the tests described In this report the thin walled 
M-47A2 case was generally used. The 39 pounds of gasoline gel 
In the M-47 bomb transmits the explosive wave that ruptures 
the case. Under the shock of this explosive force the gel 
should break Into a number of pieces whose approximate size 
should range between 1 and 5 pounds. This requires a stronger 
gel than Is optimum for use In the M-69 bomb. 
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*. Frangible grenades 

Frangible grenades as produced by the Chemical War- 
fare Service consist of a squat 1 pint glass bottle filled 
vlth gasoline gel. Various Ignition mechanisms have been test- 
ed vith an external ignitor (M-3) favored. The grenade is 
thrown at a target such as a tank and should break and function 
on Impact. The tactical effects of the grenade are achieved 
when the burning fuel (a) ignites lubricating oil on the tank 
treads or engine, (b) penetrates through appertures into the 
tank compartments vith anti-personnel effect, or (c) obscures 
observation from the tank. All of these uses require a fluid, 
very rapidturning gel. The only limitation on minimum gel 
strength is that on impact the gel should not flow completely 
off the obstacle. A suitable grenade filling will adhere to 
metal, will flow readily and will burn vlth gusto. 

IV. Procedures for Preparation and Evaluation of Gels 

Specialized techniques developed to prepare and test 
methacrylate gels are outlined briefly In this section. The 
relative merits and the applicability of these tests are 
discussed. Specific detailed procedures are given in Appendix 
A. 

The preparation of the IM-2 and IM-3 gel formulas 
for laboratory testing is described in CVS Specifications 
I96-UI-I20 and 196-131-1^5, respectively. A report on the 
properties and analysis of IM-Type III gels vas prepared 
April 26, 19^3, and vas circulated (letter D. E. Strain to 
Brig. Gen. V. C. Kabrich) May 17, 1943• The above are supple- 
mented by the following more general information. 

A. Batchvise Preparation of Methacrylate Gels 

The basic method of preparing methacrylate gels 
Involves adding an aqueous solution of a base such as sodium 
hydroxide to a stock solution consisting of polymer and soap 
forming acids dissolved In gasoline. The stock solution is 
prepared by dissolving first the acids then the polymer with 
strong agitation in the gasoline. To Insure solubility of 
stearlc acid, the gasoline temperature must exceed 12°C. 
When mixtures of acids were used it was found convenient to 
weigh the acids into a container heated on a steam bath or 
when rosin was present on an electric heater, and to add the 
molten mixture to the gasoline while stirring. Solution of 
polymer was most readily obtained by adding the entire amount 
required all at one time. Stirring was continued until solu- 
tion was complete. Fillers were sometimes added to this stock 
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•olution. Gelation was obtained by pouring the aqueous basic 
solution rapidly Into the stock solution while stirring with 
an electrically driven stlrrer. Agitation was continued for 
1 minute or until the mixture had gelled sufficiently to climb 
the shaft of the stlrrer. The usual size of a laboratory 
batch was 400 g. prepared In a wide mouth 1 quart bottle. 
The gels were allowed to set In the closed container at least 
24 hours before examination. 

When lime was used as the gelling agent the powdered 
dry lime was dispersed In the stock solution and water was 
then added to effect gelation. These mixtures were stirred at 
least two minutes after the addition of water. Since the 
particle size of the lime affected the rate of gelation and 
the final properties of the gel, a standard mixture was ob- 
tained by crushing USP lime, screening, and compositing the 
fractions to give a mixture with the following screen analysis: 

mesh 
ii 

35-60 
60-80 
80-100 
100-120 

past 200 

This synthetic mixture has a screen analysis which Is the 
average of several analyses on limes ground to pass 40 mesh. 

When aluminum or lead soaps were used as bodying 
agents, they were added to the polymer solution either as a 
dry powder or as a gasoline solution. 

B. Pilot Plant Continuous Preparation 
 of Methacrylate Gels  

For larger than laboratory scale preparation of 
methacrylate gels It seemed desirable to develop a continuous 
rather than a batchwlse process. Gelation Involves rapid 
Intimate mixing of a gasoline stock solution containing polymer 
and soap forming acids with the aqueous caustic solution. 
In preliminary tests the mixing obtained by Injecting the 
two streams Into a centrifugal pump seemed more controllable 
than the mixing obtained by passing the two solutions under 
pressure simultaneously through an orifice. The small scale 
unit shown diagrammatically in Figure 1 was therefore assembled. 
The stock solution is prepared batchwlse In holdup tank T-l 
while the 40$ caustic solution is stored In tank T-2. These 
solutions are drawn from the tanks at calibrated rates by 
metering gear pumps. The two metered streams join In a tee 
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FIS2S1-1 
Continuous Unit for the Preparation 

of Methacrylate Pels * • 
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Melted Soap- 
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Polymer Gasoline 
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Drain and 
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Pump P-3 

T 
.©M-3 

Containers 
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Filter 
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—© N-4 
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ngpRE 1 
(Cont'd.) 

Description of Equipment 

T-l - 55 gallon open end steel dm». 
T-2 - 5 gallon steel can. 

P-l - Gould Figure 1676 steel gear pump driven by 
a 1/3 horsepower, single phase, 110 volt, 
60 cycle motor. 

P-2 - Zenith Products Company steel gear pump 
IB-227 driven by a 1/4 horsepower, single 
phase, 110 volt, 60 cycle motor. 

P-3 - Hills-McCanna Type A-219 steel centrifugal 
pump driven by a 1/4 horsepower, single 
phase, 110 volt, 60 cycle motor. 

3. Variable Speed Drives 

The drives on gear pumps P-l and P-2 are made by 
Speed Master Company of Minneapolis, Minnesota. 

The drive on P-4 was a Model A Serial 3067-UL 
All-Speed Drive made by Vorthlngton Pump & 
Machinery Co., Harrison, N. J. 

4. Piping and Valves 

Standard steel or black iron pipe and all iron valves 
were used. 

The caustic filter is a standard iron steam screen 
filter. 

M-l - 1/2 horsepower Lightning paddle type mixer. 

M-2 to M-4 - pressure gauges range 0-200 lbs./sq.in. 
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or Y vhioh immediately precedes the inlet to the centrifugal 
mixing pumps. Shut off and sampling valves are located so 
that the rate of flov of each stream can he calibrated separately. 
The gel produced in the mixing pump is forced through the dis- 
charge line and loaded directly into a bomb or container. The 
maximum production of the Ammonia Department unit, limited by 
pump capacity, was 10 lbs., of F-241 gel per minute. At this 
rate the back pressure developed in the discharge line which 
was 15 feet of standard 1" black iron pipe Including two 90° 
bends was 5 p.s.i. gauge. 

To obtain the flexibility required for experimental 
studies, all three pumps were operated by variable speed drives. 
In the unit producing IM-2 and IM-3 gel at the Kilgore Manu- 
facturing Company it was found advantageous to operate both 
metering gear pumps from the same drive shaft and to pre- 
determine the ratio of the two streams by the proper choice 
of gears coupling the pumps to the shaft. 

All equipment was grounded and nonspark switches and 
explosion-proof motors were used throughout. Black iron but 
not galvanized pipe was completely resistant to the caustic 
and gel mixtures. 

C. Qualitative Characterization of a 
Gel and Definition of Terms  

The physical measurements to be described in the 
following sections are designed to quantitatively characterize 
specific properties of the gel. Qualitative observations may 
be made by manipulating the gel sample with a spatula. 

To test for homogeneity the sample is cut in half 
and separated so as to expose a fresh surface. If there was 
Insufficient agitation when the caustic was added to the stock 
solution, areas poor in caustic will be apparent by their 
lighter color. Such areas will also be much harder than the 
surrounding gel. This is confirmed by feel and yield under 
pressure. When the gel has been loaded into an M-69 case the 
areas of constant rigidity will tend to run lengthwise through 
the gel and the caustic content of the gel nearest the tail cup 
will exceed that of the gel near the diaphragm. 

To determine friability and rate of heal the gel is 
cut with a spatula and a sample withdrawn. If the sample and 
the area from which it was withdrawn retain their shape and 
remain sharply outlined, the gel is hard and friable. In the 
most undesirable cases, shavings of gel can be produced by 
scraping the surface with the spatula. If a cut heals immediate- 
ly or a smooth surface reforms as soon as a sample is withdrawn, 
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the gel Is soft and has Insufficient body. The best gels 
are Intermediate between these two extremes. The sharp edges 
of a cut or of a sample should become blurred almost Im- 
mediately. The cut should be completely healed In approxi- 
mately 5 minutes. The body of the gel can be evaluated by 
placing a sample on a plane surface. A soft gel will spread 
and lose Its shape rapidly. 

The strength and resilience of a gel are determined 
by forcing the flat surface of the spatula through the gel. 
The resistance offered to the passage of the spatula Is dependent 
on the strength of the gel. A friable gel may offer consider- 
able Initial resistance and then break away. This Is considered 
a rigid weak gel. When motion of the spatula Is stopped, a 
resilient or elastic gel will tend to force the spatula back 
out of the "compressed" area. 

When a sample of gel Is withdrawn on the end of a 
spatula the length Is qualitatively observed. The connection 
between the sample and the main body of the gel Is maintained 
over a considerable distance with a long gel. If the gel is 
friable It will be very short. A long gel is either excessively 
fluid or is very elastic. This leads to inferior firing 
characteristics. The best F-6l4 gels are moderately short. 
The tendency to draw some of the remaining gel out with the 
sample is apparent. 

A gel which is adhesive is difficult to remove from 
a spatula completely. A test of adhesion to wood may be con- 
ducted using a physician's tongue depressor as a standard wood 
strip. The strip in a vertical position Is forced into the 
gel, the gel allowed to heal around it for a matter of 30 seconds 
and the strip Is then drawn vertically out of the gel. With 
a good F-614 gel at least 50£ of the submerged surface will be 
gel coated. A long elastic gel will be drawn part way out 
and will then snap back leaving the wood clean. 

D. Determination of Physical Properties 

Attempts to accurately characterize gels by measure- 
ment of specific physical properties were undertaken to corre- 
late gel formulation work, to establish specification tests, 
and to obtain an insight into the factors influencing gel 
performance In incendiary munitions. Obviously no test will 
fulfill all these functions. In the light of the data dis- 
cussed in Sections VI. and VII, the parallel plate test appears 
most suitable for specification work, that is, this test is 
sensitive to changes in composition and Indicates when produc- 
tion of a specific formula is satisfactory. The performance 
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of a gel of new or unknown formula, however, cannot be predict- 
ed from its parallel plate value. The Impact strength of a gel 
on the other hand will fairly accurately determine the dis- 
tribution of the gel on ejection from various munitions. 

1. Consistency Measurements 

The tendency of a material to flow under stress Is 
Inversely proportional to its consistency. True Newtonian 
liquids exhibit a constant ratio of shearing stress to rate 
of shear which is defined as the viscosity. Plastic materials 
such as gels, however, resist deformation by low shearing 
forces and tend to yield more easily to higher shearing forces. 
Since the overall performance of a gel is dependent on its 
behavior under both conditions, It is important to characterize 
a gel at both high and low shearing forces. A satisfactory 
method of accomplishing the. former objective is the impact 
test while the latter measurement is most reproducibly observed 
by the parallel plate test. 

a. The Parallel Plate Test 

The parallel plate test is described in CVS Speci- 
fication 196-131-108 and in CWS Directive 201. A more complete 
description of our technique may be found in Appendix A. 
Our procedure differs from CWS practice solely in the size 
of the plates (12 inches square in this laboratory, 6 inches 
square in CVS Directive 201). This test is a modification of 
a consistency test for putty (H. '. Gardner, Physical and 
Chemical Examination of Paints, Varnishes, Lacquers and Colors, 
8th Edition, January 1, 1937» pages 599*601), and consists of 
measuring the diameter In centimeters to which 5 cc. of gel 
spreads in one minute between parallel plates of glass under 
a 2 kilogram load. 

A study of various loads indicated that values in 
the most sensitive range were obtained with the recommended 
2 kg. load. The majority of the gels will nearly reach an 
equilibrium spread in the 1 minute period of stress. If 
the load is applied for 5 min. to a typical F-241 gel, the 
parallel plate value would be increased from 10.4 to 11.6 cm. 
Straight lines are obtained by plotting the diameter against 
the logarithm of the time the load Is applied. The original 
technique involved increasing the applied load by 2 kilogram 
Increments every minute until a total load of 10 kilograms 
resulted. Vhen the diameters observed by this method were 
plotted against the logarithm of the applied load, parallel 
straight lines were obtained for gels of quite diverse com- 
position. The simpler technique Involving a single measure- 
ment is therefore recommended. The temperature coefficient of 
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the parallel plate values of F-241 gels was 0.15 cm./°C. To 
study the reproducibility of the test, 46 F-241 gels were 
prepared from various samples of the Ingredients. At least 
three parallel plate measurements were made on each of these 
gels twenty-four hours after preparation. For a particular' gel 
the maximum deviation from the mean of any single measurement 
vas 0.7 cm., while for all of the gels three-quarters of the 
values were within 0.3 cm. of the average. 

b. Impact Strength 

To determine consistency at a high rate of shear 
a Schopper Dynstat plastics Impact tester was modified to 
handle gels. A blade one-quarter Inch wide was mounted on a 
pendulum with a total length of 15 Inches. A trough to retain 
the gel sample was placed horizontally at the bottom of the 
swing of the pendulum. The horizontal length of the path 
of the blade through the gel was 26 cm. Various loads were 
placed on the pendulum arm. The pendulum was released from 
a horizontal position, allowed to swing down through the gel 
and the vertical height of the upward swing was determined. 
When the gel trough was empty the pendulum, being nearly 
frlctlonless, rose to the horizontal position. When the gel 
was present the energy consumed In forcing the blade through 
the gel caused the pendulum to swing through to a maximum 
height somewhat short of the horizontal or zero point. The 
decrease in the height of the maximum swing from the zero 
point is proportional to the work done and therefore to the 
strength of the gel. To cover all types of gels, it was 
necessary to use three different loadings on the pendulum 
which are referred to in increasing order of gel strength 
as B, C, and D scales. The B scale readings for the weakest 
gels ranged from 1 to 10 units. The units are empirical 
but in a very rough way correspond to kg. cm. The C scale 
covered a range of 1 to 20 units and in the lower half of this 
range B and C scale readings were nearly equivalent. A few 
tough gels had values exceeding the C scale. These were 
measured by placing a small additional weight on the Impact 
arm and by raising the release point from 90° to 120° from 
the vertical. This Increased angle of fall alters the zero 
point of the instrument. The D scale values are therefore 
not directly comparable with those of the B and C scale. 

c. Modified Stornier Vlscosimeter 

The modified Stormer vlscosimeter as described by 
Oeddes and Dewson, J. Ind. Eng. Chem., 24, 163 (1942), con- 
sists of a sample cup containing a paddle which is driven by 
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the gravitational pull of a falling weight. For a given 
load the speed with which the paddle rotates is Inversely 
proportional to the viscosity of the material In the sample 
cup. A true determination requires that stirring be continued 
until a constant rate Is obtained. Curves for R.P.M. versus 
applied load for F-28fc and F-241 gels are shown In Figure 2. 
These curves show a pseudo yield point. Thus at low shearing 
forces» i.e., low applied load, the rate of rotation Is ex- 
tremely slow while under a somewhat higher load the increase 
in R.P.M. with an Increase in the applied load is rapid. For 
these particular gels the most satisfactory but time-consuming 
criterion of consistency would be the load required to produce 
10 R.P.M. VIth many gels, especially those containing inter- 
polymers, the viscosity of the gel increased during the measure- 
ment, and results could be duplicated only when a fresh sample 
was used for each measurement. It was therefore not possible 
to obtain a constant rate. As a rapid generalized technique 
the procedure described In Appendix A-2 was therefore adopted. 
It consisted in measuring the average rate of rotation during 
100 revolutions of the paddle after an acceleration period of 
10 revolutions under a standard load (800 or 1400 g.) that 
appeared suitable for the particular type of gel. 

d. Gardner Mobilometer 

The Gardner mobilometer as described in CVS Directive 
201 is an extrusion type viscosimeter. The rate of fall of a 
loaded piston through the sample contained in a tight-fitting 
cylinder is determined. Due to work hardening phenomena, the 
value observed with methacrylate gels was markedly dependent 
upon the treatment of the sample. Reproducible values were 
obtained only when freshly prepared gels were allowed to age 
24 hours In the Gardner cylinder and subsequently a single 
measurement was made on the unworked sample. As shown in 
Figure 3, with F-107 type gels the logarithm of the time re- 
quired for the piston to travel 10 cm. (rate of shear) plotted 
against the logarithm of the applied load (shearing force) 
gives parallel straight lines, and that the separation be- 
tween these lines is proportional to the polymer content of 
the gel. This measurement was not used for routine charac- 
terization of laboratory gels due to the large number of 
mobilometer tubes that would have been required. 

For extremely tough gels a special modification of 
the mobilometer measurement was devised. The gel sample was 
allowed to remain in the large container (1 quart or greater) 
in which it was prepared. The loaded piston was placed on 
the surface and allowed to fall through the gel. The time in 
minutes required for the piston fade to penetrate from 1/2 
inch to 1-1/2 inches below the surface is taken as the »edified 
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mobilometer value (mln./Inch/567 g. load). This technique 
allowed the test to be run on unvorked samples and eliminates 
the difficult step of filling the mobilometer tube. 

e. A.S.T.M. Grease Penetrometer 

The A.S.T.M. penetrometer determines the depth of 
penetration in hundredths of centimeters of a cone into the 
gel in 5 seconds. The standard A.S.T.M. procedure D-217-27T 
uses a load of 150 g. To obtain penetrometer values In the 
most sensitive region of the instrument, the load was reduced 
by a counter-balance to 50 and 25 g. Even under these con- 
ditions the correlation between penetrometer values and apparent 
stiffness was still not good. The roughness of the gel surfaces 
and the presence of air bubbles in the gels seemed to intro- 
duce errors which exceeded the normal differences between gels. 

• 
f. Clark-Hodsman Viscosimeter 

In a fundamental study of the rheology of gels, the 
Eastman Kodak Company (Contract OEMsr-538, Monthly Report #1, 
June 18, 1942) studied the use of the Clark-Hodsman viscosimeter 
to determine the elasticity and viscosity of gels at very low 
shearing forces. An Instrument built by the Eastman Kodak 
Company was loaned for test to the Ammonia Department of E. I. 
duPont de Nemours & Company. By trial and error it was 
necessary to determine the proper diameter wire and angle of 
torque for each gel in order to obtain a valid measurement. 
Many gels did not exhibit sufficient adhesion to the plumb 
to prevent slippage. The measurement did not therefore appear 
convenient as a method of characterizing new gels. The values 
observed on different preparations of the same gel formula 
did not show sufficient variation for this technique to serve 
as a control method. For a fundamental study of a particular 
gel, the device had the advantage over the parallel plate 
method that it gave the viscosity at low shearing forces 
directly in poises rather than in empirical units. 

2. Miscellaneous Physical Measurements 

While consistency of the gels at various shearing 
forces appeared to be the major factor determining their firing 
performance, other physical properties were determined in a 
search for critical tests. 

a. Drop Test 

As an empirical screening test to reduce the number 
of gels submitted for evaluation In firing tests, one pound 
samples were allowed to fall from a height of 60 feet onto 
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plywood targets. The force of the Impact In these drop tests 
seemed to duplicate that observed In static M-69 firing tests. 
When the samples were dropped onto a flat target the thickness 
of the resulting smears was close to that subsequently ob- 
served at Bayvay. In the drop tests the samples which failed 
to adhere when the target was Inclined at a 45 degree angle 
also fell off the target In firing tests both in the M-6§ at 
Bayvay and In the E-9 mortar tests at Beacon, N. Y. In this 
qualitative test the area of the smear and degree of adhesion 
for a series of gels vas compared. The latter development of 
the more convenient Impact strength test has outmoded the use- 
fulness of the drop test. 

b. Eastman Extensibility Test 

The extenslometer developed by the Eastman Kodak 
Company (Contract OEMsr-538 Monthly Report #4, September 14, 
1942) consists of two pieces of 4 mm. glass tubing which may 
be drawn apart at the rate of 0.5"/sec. The two tubes are 
brought Into contact and filled with gel. The length of the 
gel Is the distance the gel can be drawn without breaking. 
Some gel samples which do not adhere to glass will slip out of 
the tubes and give erroneous values. Gels with high soap con- 
tent had average lengths of 1/8 Inches with an occasional formu- 
lation giving values as high as 4 Inches.  Interpolymer gels 
normally had lengths In excess of 12 Inches and thus beyond 
the limit of accurate measurement. The Instrument was useful 
In special cases where the value observed fell In the narrow 
range where accurate determinations could be made. 

3. Estimation of Incendiary Properties 

The Incendiary quality of a gel depends on the rate 
and quantity of heat liberation during combustion. The total 
thermal energy content can readily be calculated from the 
heat of combustion of the constituents. Since soap and polymer 
Ingredients tend to burn slowly and Incompletely, their heat 
of combustion can be Ignored. The heat content of a gasoline 
gel Is then directly proportional to the fuel content. To 
measure the rate of combustion three simple burning tests were 
devised. 

a. Flash Point 

The Tagliabue open cup method was used to determine 
flash points of various gels for shipping classification. With 
soap-free Interpolymer gels the observed value varied from 
below 10° to +60°F. as the polymer content was Increased from 
2 to 6#. The dependence of the observed value upon the draft 
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over the sample limited the accuracy of this teohnlque. 
Apparently the determining factor was the rate at which the 
gel liberated gasoline vapor rather than the equilibrium vapor 
concentration. 

b. purnlnff Times 

To obtain a draft-free area for combustion tests a 
oubloal box was constructed of "Transite" Insulation boards 1 
yard square. When this box was covered the air supply limited 
the combustion of samples of practical size. Under these 
conditions the temperature rise In the box during the com- 
bustion of 15 g. of gel did not exceed 20°C. The recommended 
practice Is to use the box as a shield leaving the top un- 
covered. The length of time the gel remained burning was taken 
as an Inverse measure of the burning rate. Two specific 
procedures differing In size and distribution of sample are 
described In Appendix A-?. Values obtained by the two test 
methods were approximately equivalent for stiff samples. 
Method B Is recommended for strong gels. Burning times 
varied between 2.7 and 7.0 minutes. Comparative results 
taken on the same day appeared very accurate. Under varying 
weather conditions determinations on the same gel formula 
agreed within 0.3 minute. 

E. Surveillance 

Three sets of test conditions to determine the 
stability of gels during storage were standardized. As a con- 
trol on manufacture of Individual lots of a standardized gel 
the CVS specifications required that the sei structure be 
stable for 4 hours at both -40°F. and 125 F. For laboratory 
studies on gel formulation more reproducible data were obtained 
by extending the surveillance periods at these temperatures 
to one month. Results of such tests are summarized In appended 
Table 18. As a final acceptance test on new proposed gel 
formulas, cyclical surveillance tests were set up based on 
Information assembled from U. S. Weather Department data. The 
conclusions of this study were reported by letter, H. R. Dlttmar 
to Dr. R. H. Swell, December 14, 1942. /fter exposure to low 
temperature the gel sample was Inverted and the amount of un- 
thlckened gasoline which could be poured off was noted as per 
cent of the total sample. After exposure to high temperatures 
(125-150°F.) the presence or absence of separation Into 
distinct phases was observed and the amount determined. The 
per cent syneresls after the sample returned to room tempera- 
ture was also occasionally determined. The sample was worked 
with a spatula to Initiate Incipient syneresls. The best 
method of Insuring proper temperature control during surveillance 
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tests appears to be immersion of the sample in a sealed con- 
tainer into a liquid bath. The container must not make 
direct contact with the heating element in the bath. To test 
the reproducibllity of the method a large preparation of IM-3 
gel was split into four portions and each portion was held 
at 125°F. for one month. The syneresis observed on these 
duplicate samples varied between 1 and yf>.    Upon cooling to 
room temperature the material gelled completely. A total of 
12 different preparations of the IM-4 formula was placed in 
surveillance.  Syneresis observed at 125°F. varied between 
0.2 and 1.0%.  One week's storage at 150°F. did not appear 
to be an accelerated test since there was no correlation be- 
tween the breakdown observed under these conditions and that 
observed after one month at 125°F. or six months at ambient 
temperature. 

F. Analytical Methods 

Detailed procedures for the chemical analysis of 
methacrylate gels may be found in the report on IM-3 gels 
(D. E. Strain to Brig. Gen. W. C. Kabrich, 5/17A3). These 
techniques were useful in studying gel production problems 
but are not pertinent to gel formulation studies. Due to the 
Incompleteness of the reaction of lime with acids in organic 
media, only the determination of total basic ingredients is 
applicable to IM-1 and IM-4 lime gels. 

0. Performance Tests 

Since all performance testing on incendiary gels 
prepared by this group was made by other organizations, only 
a general description of the tests will be given.  Detailed 
procedures may be obtained from the reports of the indicated 
groups. For all standardized munitions CVS specifications 
include tests on performance of the fuse and powder charges 
and on gel ignition. The only tests discussed here are those 
designed particularly- to study gel quality. 

1. M-69 Static Firing Test 

The static firing test studies gel distribution on 
ejection from an M-69. The bomb Is fired in a horizontal 
position so as to deliver the gel to a 4' square vertical ply- 
wood target placed at a distance of 30 feet. If syneresis 
has occurred a flash burn will be observed near the mouth of 
the'case. The fire is extinguished within one minute prefer- 
ably by C02. All the gel is collected and placed In three 
piles and the amounts of each estimated. The first pile is 
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the material scraped off the plywood target. The per cent of 
the total gel In this pile Is the per cent adhesion. All gel 
on the ground within 2 feet of the base of the target would 
presumably support a fire on the target. This Is reported as 
the per cent at the base. The remaining gel frequently esti- 
mated by difference represents scatter. The sum of the gel 
adhering to the target plus the gel at the base Is the gel In 
the target area. Such tests are run on M-69»s at room tempera- 
ture and after cooling the bomb to -40°.  In succeeding tests 
scatter Is very reproducible, while a good evaluation of 
adhesion must depend on the average of several shots. At 
-4o°F. a satisfactory F-614 gel will exhibit less than 20* 
scatter. At 70°F. the adhesion should exceed 50# and the 
scatter should be less than 10£. 

2. E-9 Texas Mortar Test 

At their Beacon, N. Y. Laboratories the Texas Company 
has constructed an outdoor mortar and target to slmllate the 
action of their E-9 bomb (Texas Company Contract OEMsr-898, 
Monthly Reports for periods ending August 15 and November 15« 
1943). The mortar has a powder chamber and tall section 
Identical with those of the E-9 bomb. In Initial tests the 
target was a 1/4" plywood-covered steel frame containing 
approximately oO square feet of surface (65 square feet In 
a vertical position). It has a 2 foot wide apron raised from 
the ground. In subsequent tests a plywood target of the same 
dimensions was supported against a cinder-block wall and 
cement floor. The Incendiary filling was fired from the mortar 
point blank at the target 75 feet away. The resultant fire 
was extinguished after 10 minutes and the per cent of the 
target completely destroyed was estimated. 

3. M-47 Static and Flight Tests 

The Munitions Development Section at Edgewood 
Arsenal of the Technical Command of CWS tested M-47 incendiary 
fillings both by firing the loaded bombs statically or by re- 
leasing them from a plane. 

In the static test the bomb was propped at a 45° 
angle from the ground and fired electrically. The number of 
fires still burning at 1 minute intervals after ejection was 
determined. Based on the average number of fires burning at 
5 and 11 minutes a "fire index" was calculated. The extent 
of flash burn and the amount of unignited gel was also esti- 
mated. 
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4. Examination of Frangible Grenade Fillings 

The Munitions Development Section of the CWS 
Technical Command tested frangible grenade fillings by throw- 
ing loaded grenades at a steel vail inclined at an angle 45° 
from the vertical. The grenade was thrown at the wall at an 
angle of 45° from the base of the target. The adhesion of 
the gel to the wall, the area covered and the duration of the 
fire were noted. 

V. Laboratory Formulation of Methacrylate Gels 

A. General Discussion of Composition Variables 

The optimum methacrylate gels were mixtures con- 
taining the following basic components: viscollzlng agent 
(methacrylate polymer), soap forming acids*, aqueous bases, 
and fuels principally gasoline. In a given gel formula the 
optimum concentrations and compositions of the various com- 
ponents are closely interrelated to an extent that may not 
be immediately apparent. For example, a change In the polymer 
content of a given formula requires a readjustment in the 
concentrations of all the other components in order that the 
resulting gel have the desirable properties specified in 
Section III. It also may not be feasible to maintain the 
ratios of all other ingredients constant and then to vary 
the fuel content. That each formula represents a balance 
dependent on all of the components present should be borne 
in mind during the following discussion on the effect of the 
individual components in gel formulation studies. 

In a very general way the polymer Imparts to the 
gel elasticity and strength (resistance to high shearing 
forces); fillers and soaps such as sodium or calcium stearate 
impart body (resistance to low shearing forces), while 
naphthenic acid soaps act as plasticizers. 

1. Concentration and Nature of the Polymer 

Early formulation experiments Indicated that a satis- 
factory gasoline thickening agent should be gasoline soluble 
and of high molecular weight. The potentially available ma- 
terials appearing to meet these requirements Included poly- 
isobutyl methacrylate grades NR and AE and a series of inter- 
polymers of lsobutyl methacrylate and methacrylic acid In which 

♦Note; The formulation of methacrylate gels free of soap-forming 
acids is discussed In a separate report. 
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the methacryllo acid content was less than 2£*. To prepare a 
viscous polymer solution with properties comparable to a 
mixture of o# smoked sheet rubber dispersed in gasoline re- 
quires approximately 15 to 20£ NR polymer. Since the polymer 
is the least readily available Ingredient of gasoline gels, 
it is desirable to reduce the polymer content to a minimum. 
This has been accomplished by the use of soaps and fillers. 
In such soap fortified gels for each grade of methacrylate 
polymer there is an optimum concentration range below which 
the gels are unstable in storage and above which an Increase 
in polymer content does not materially Increase gel toughness. 
To cover the range of strengths required of gels for the 
various incendiary munitions, it is therefore preferable and, 
in part, necessary to alter the nature rather than the concen- 
tration of the polymer. A fairly complete coverage of the 
field is attained by the use of the four methacrylate polymers: 
NR polymer, AE polymer, 0.1 lnterpolymer and 0.3 interpolymer. 

Gels prepared from NR polymer are in general soft 
pastes • which show little tendency to string. They have ex- 
cellent adhesion to wood but insufficient strength to resist 
disintegration when fired from Internal burster well bombs. A 
high sop.p content is required to give them sufficient body. 
The toughness of the gel is less dependent on polymer content 
than gels prepared from other methacrylate polymers. Stable 
gels were prepared containing 5 to 6# soaps and from 2 to 7$ 
NR polymer. The optimum concentration of this grade polymer 
appeared to be 5# as exemplified by the F-241 (IM-2) formula. 
An Increase in the polymer content of this basic formula to 
6 or 7% did not result in any marked Improvement in gel strength 
or cohesion. When the polymer content was reduced to 2#, the 
resultant gels were stable but extremely weak, bearing a re- 
semblance to cup grease. 

The substitution of about 3/5 parts AE polymer for 
each part NR polymer in the above formulas allows a saving in 
polymer requirements without marked change in physical properties. 
Thus F-286 gels containing 3# AE polymer had firing charac- 
teristics in the M-69 bomb closely resembling that of F-241 
(5# NR polymer) gels. In a similar manner nearly comparable 
gels of the F-614 (IM-3) formula could be obtained by using 
TfjL AE polymer or 3*5£ NR polymer. In gels of the same polymer 
concentration, however, AE polymer Imparts enhanced strength, 
elasticity, and length as determined by the Eastman extensi- 
ometer. Thus direct replacement of AE for NR polymer in the 

»Note: In the remainder of this report these materials will be 
referred to as NR polymer, AE polymer and X interpolymer 
where X£ is the methacrylic acid content of the 
Interpolymer. 
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F-241 formula (5# NR) yielded a gel (F-107) which was too 
tough for use in the M-69 incendiary but satisfactory for use 
in the M-47 internal burster well type bomb. It is there- 
fore possible to prepare stable gels with a greater range of 
physical properties with AE than with NR polymer. Dependent 
on the impact strength desired, the optimum concentration of 
AE polymer lies between 2 and 5#. At high polymer concentra- 
tions (8 to IO56 and even in some cases 5%),  the gels were 
brittle or friable and tended to increase in stiffness during 
storage at ambient temperatures. The friability of such gels 
could be reduced by an increase in their naphthenic acid content 
but this also resulted in a decrease in gel strength so that 
no overall improvement was noted by reformulating 5# AE polymer 
gels to an 8 or 10$ polymer content. The minimum polymer 
content is dictated by gel stability. Despite frequent attempts 
only one completely stable calcium soap fortified gel was pre- 
pared which contained less than 3# AE polymer. A stepwise 
decrease in the polymer content of the IM-1 formula from 5 to yf> 
(F-1400, 1404-5, 1433, 1419, Table 2) gave gels with a regular 
gradation in impact strength between 13 and 7 B scale units. 
A similar gel containing 2.5# AE polymer (F-1420) did not re- 
tain the lime particles uniformly dispersed and exhibited 
syneresis during storage. A further reduction in polymer 
content \o  2# (F-1421) gave a mixture which separated into 
two phases immediately after gelation. The limit was less 
marked when the stearlc acid, lime, and water content of the 
formula was increased but even with the F-1429 formula, room 
temperature syneresis occurred when the polymer content was 
only 2.556 (E-1429A) rather than 3#. The only lime gel (F-1422) 
containing 2$ AE polymer which exhibited less than Vf>  syneresis 
after storage at room temperature for six months or -40°F. and 
125°F. for-one month was extremely fluid despite the presence 
of 5% of stearic acid. The stability limit of sodium soap 
fortified gels appears to be 1.5$ of AE polymer. Many stable 
caustic gels containing 2% AE polymer were prepared and two 
(F-962 and F-614, IM-3) were recommended for use in the M-69. 
When the polymer content (2#) of the F-614 formula was reduced 
the syneresis observed after one monthfs storage at 125°F. 
rose steadily from 5# (average of three tests F-787, F-1525, 
F-1525A) at a polymer content of 1.5# to 10g (F-788) at a 
polymer content of 1.25#. The high temperature syneresis of 
gels containing only 1# AE polymer could be reduced by increas- 
ing the soap-forming acids content from 6# to 7 or 95^ (F-727, 
F-730, F-733), but in such cases syneresis occurred during 
storage at room temperature. 

* ■ 1 
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Gel Number F- 
Reference N.B.lOlß. 
Composition (Ufct. %) 

At former 
Stearic Acid 
Lime 
\»ater 
Orade of Gasoline 

Physical Properties 
ol gel z days alter 
preparation 

Stormer Viscosity 
R/LOOO sec/500 g. 

Parallel Plate 
Values (cm.) 

Impact Strength 
C Units 

Surveillance 
% byneresis after 1 month 

at -1*0°F. 
at 125°F. 

Table 2 

AE Vethacrylate Polymer Lime Gels 

litOO Hi05 ti&k   11^33 U4.I9 UtfO ll|21 12122 
7k     75  75  88  83  83  6}  83 

5.0 fc.5 li.o 3.5 3*0 2.5 2.0 2.0 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 
2.0  2.0  2.0  2.0  2.0  2.0  2.0  3;3 
1.25 1.25 1.25 1,25. 1.25 I.25 1.25 2*1 
——. — Esso »inter Base—.———*—- 

Note   Note 
2 3 

1.9 

8.2 

13.0 

0 
1.0 

0   3.0 

6.5     8.7 

11.8   11.2 

1.0 
0 

10.0 47.0 

9.1   11.9 

9.6     7.0 k.6 

2.0 
0 

luo 
2.5 

E-       E- 
U129  Ugp 

Note 1 

5.0     2.5 
4.0   M 
4.0   4.0 
2.5    2,5 
quarter* 
master 

04 O.25. 

7.7 6,8 7.2 74 

8.6 15*5 Ui.8 9*8 

0 0 0 0 
0 0.5 o«5 o.e 

«L 

e 
f     1 

Vil 
10   o •    o 

1 
Note (1) - E-Ui29 and E-ll|29A were prepared by the Chemical warfare 

Service in their pilot plant at Ed^ewood Arsenal. 

Note (2) - F-lli20 not homogeneous. 

Note (3) - F-U|21 separated into two phases. 
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In formulation studies the transition from NR or 
AB polymer to one of the isobutyl methacrylate-methacrylic 
acid Interpolymers results In a complete change In physical 
properties and optimum Ingredient concentrations. Gels produced 
with Interpolymers tend to be stronger but more resilient than 
those prepared with AE or NR polymer. Direct substitution of 
Interpolymer for AE polymer In the best formulas developed 
for the latter material yields gels which In firing tests re- 
bound from the target. The effect of this substitution on the 
properties of F-28t and F-614 gels Is shown In Table 3. The 
presence of methacryllc acid In the polymer greatly Increases 
the length or strlnglness of the gels (Extensibility) and de- 
creases their fluidity (Stormer viscosity) but does not markedly 
change the "yield point" or limiting shearing force at which 
flow becomes negligible (Parallel Plate value). 

Table 3 

Effect of Nature of Polymer on 
F-288 and F-614 Gel Properties 

Composition 

Gel 
Polymer 

%   Type 

Equal Parts 
Stearic and 
Naphthenic 
Acids. % 

Physical Properties 
Stormer 

No. of Parallel 
Gels . Plate, 

Tested  cm. 

Viscosity Extensi- 
R.P.M./  bility 
1400 g.    In 

F-575 3  NR 5 
F-288 3  AE 5 
F-1219 3 0.05 IP 5 
F-1220 3 0.1 IP 5 

F-1222 2  NR 6 
F-614 2  AE 6 
F-1227 2 0.05 IP 6 
F-122Ö 2 0.1  IP 6 

11 
3 
1 
1 

3 
3 
1 
1 

11.5-13.0 
9.0-10.5 
10.1 
8.4 

12.0-13.0 
9.5-12.0 
10.7 
9.5 

280-760 
72-150 
17 
2 

45O-475 
I2O-385 
100 
120 

0.1 
0.4-1.3 

1.8 
8.0 

0.1 
0.3-0.9 

1:1 
The use of only \% of 0.1 interpolymer together with 6 or 7$ 
soap-forming acids resulted in gels equal In strength to the 
typical 2% AE polymer gels. Gels containing only l£ of 0.1 
interpolymer, however, all showed 15 to 30$ syneresls during 
storage for one month at 125*F. Gels prepared with \f>  of 0.3 
interpolymer were even more unstable. The formulation of 
acceptable interpolymer gels is accomplished by reducing the 
soap-forming acids content and thus decreasing their rigidity. 
By the addition of toluene to the gasoline it is possible to 
prepare stable gels which contain no soap-forming acids and 
3 to 6% of interpolymer. These soap-free fels (discussed in a 
separate report) are clear, moderately resilient materials. 
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Their rigidity, elasticity, and rate of heal are Inversely 
proportional to the polymer content. Such gels containing 
only 2# interpolymer will break down at room temperature. When 
15* toluene was present, the upper limit on polymer content was 
6^7 Gels containing 7, 8, and 9%  of an interpolymer prepared 
from isobutyl methacrylate containing 0.3# methacrylic acid 
had impact strengths of 9.3 to 10.0 C units and synerized at 
room temperature, while the stable 6%  interpolymer gel had an 
Impact strength of 17.1 C units. The addition of from 1 to yfi 
of soap-forming acids to stable interpolymer gels will result 
in an increase in body and a slight increase in impact strength, 
but a marked decrease in their rate of combustion.  Interesting 
soap-fortified 2# interpolymer gels were, however, obtained 
by the use of radically different mixtures of soap-forming 
acids as exemplified by the F-6?4 formula. In this case a 
stable fluid gel was stiffened by the addition of a filler to 
produce the M-69 incendiary filling which was judged the most 
effective of any tested in the fuel review of November 19-21 
(1942). Such fluid mixtures susceptible to bodying by inert 
solids were generally observed only when interpolymer was the 
thickener. The use of 4 to 6# interpolymer in the more standard 
soap fortified methacrylate formulas yields gels which are not 
adhesive but have impact strengths greater than have been ob- 
tained with any other thickening agent. Thus in munitions 
where extremely high bursting or ejection forces are needed 
for proper functioning, the use of soap-fortified interpolymer 
gels may be required. A preferred solution would be adaptation 
of the munition to weaker gels of better incendiary quality. 

Isobutyl methacrylate is the preferred methacrylate 
ester for the production of thickening agents. Fsters prepared 
from alcohols of lower molecular weight are gasoline-insoluble. 
There is no marked difference in gelling power between normal 
and isobutyl methacrylate polymers. n-Butyl methacrylate ; 
polymers, however, were given little consideration since their 
low softening temperature makes drying of the polymer emulsion 
difficult and might cause agglomeration of the flaked product 
during storage.  The use of polylauryl methacrylate in the 
F-241 formula gave a very fluid weak gel which was inelastic 
but had excellent adhesion. Four per cent of an interpolymer 
of 2-ethylhexyl methacrylate and 0.20 methacrylic acid gave in 
gasoline-caustic mixtures a gel which was weak, soft and short. 
The addition of soaps resulted in weak paste-like gels.  Inter- 
polymers of 2-ethylhexyl methacrylate and 0.05* methacrylic 
acid gave stiff, fairly strong soap-fortified gels which, how- 
ever, were friable. 

In an attempt to extend methacrylate polymer, the con- 
densation between the free acid groups in 10 interpolymer with 
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the free hydroxyl groups In "Butacite" was studied. When 
esterification occurred, the products were not gasoline- 
soluble . 

2. Nature and Concentration of Soap-Forming Acids 

In an extensive search for bodying agents for 
methacrylate gels the only suitable compounds uncovered were 
gasoline-soluble organic acids. The various materials tested, 
a generalized statement of their value, and the source of the 
sample studied are indicated in Table 15 in the Appendix. 
Each new material vas tested alone and in combination with the 
most promising soap-forming acids. Formulation of the six 
most effective materials vas then studied more intensively 
in gels containing various combinations of 2 or 3 acids. 

The soap-forming acids recommended for incorporation 
in incendiary gels perform one of two distinct functions. 
Stearlc and oleic acids Impart stiffness, body and high tem- 
perature stability to all types of methacrylate gels. They 
cause a slight increase in the strength of the gel. 
Naphthenlc acid and dlmerized soyabean oil acids act as 
plasticizers; when used in moderate concentrations they in- 
crease the fluidity and adhesiveness of stearlc acid gels and 
prevent an increase in stiffness during storage without 
simultaneously reducing gel strength. Wood rosin and Turkey 
Red Oil normally function as plastlcizing agents, but in 
certain combinations may fulfill both functions of soap- 
forming acids. It is significant that all strong stable gels 
uncovered in this study contained either or both stearlc or 
oleic acid or their equivalents. Mixtures of plastlcizing 
acids such as wood rosin and naphthenlc acid or Turkey Red 
Oil and naphthenlc acid invariably yielded weak fluid gels. 

a. Gels Containing Stearlc Acid 

For a given gelling agent (NaOH, CaO, etc.) the 
optimum ratio of the different soap-forming acids to each 
other appears to be Independent of the nature and concentration 
of the polymer while the total soap content required is in- 
versely proportional to the polymer content'and to the 
methacryllc acid content of the polymer. This is best demon- 
strated by the study of caustic gels containing stearlc and 
naphthenlc acids. A formulation study on this combination 
of acids was made for several munitions and for various polymer 
contents. In each case the proportions of each acid were varied 
widely but the gel chosen for field evaluation on the basis 
of stability and physical properties contained equal parts of 
the two acids (Table 4). 
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Table k 

Sodium Stearate-Naphthenate-Methacrylate Gels 

Optimum Formulation for Various Polymer Contents 

Composition 
£el   Polraer   Stearlc 
Mo.  T"  Grade  Acid. % 

F-241 
F-288 
F-614 
F-720 

F-107 
F-1406 
F-51? 
F-1941 

5 
3 
2 
1 

NR 
AE 
AE 

0.3 IP 

5 AE 
3 AE 
4 0.1 IP 
5 0.3 IP 

2.5 
2.5 
3.0 
3.5 

2.5 
3.0 
1.5 
1.5 

Naphthenlc 
Acid. % 

2.5 
2.5 
3.0 
3.5 

2.5 
3.0 
1.5 
1.5 

Intended Use 
Incendiary Filling 
 for  

M-69 
ii 

M 

" (not sufficiently 
stable) 

II 

E-9 (too strong) 

Gels containing stearlc acid In excess vere friable, stiff 
and tended to harden during storage. When naphthenlc acid 
vas present In excess the resultant gels vere soft, fluid 
and unstable at 125°F. 

While gels containing sodium stearate require high 
concentrations of plastlcizer, those containing calcium 
stearate require little or no plastlcizer. The IM-1 and 
IM-4 (F-1429) formulas represent stable lime gels which con- 
tain only stearlc acid as the bodying agent. They are semi- 
solid, strong elastic gels which heal rapidly when cut but 
will not adhere well to wood. The effect of the incorporation 
of naphthenlc acid into these two basic formulas is demonstrated 
in Table 5. The addition of 1# naphthenlc acid (F-1440) to 
the naphthenlc acid-free F-1^29 formula markedly improves ad- 
hesion or "tack" of the gel without materially affecting gel 
strength or stability. The partial replacement of stearlc 
by naphthenlc acid in all cases reduces gel strength and body 
excessively. The stability of lime gels is much less 
sensitive than caustic gels to variations in the acids con- 
tent. Of the gels listed in Table 3, only F-1416, in which 
replacement of stearlc acid by naphthenlc acid is nearly com- 
plete, shows more than 3# syneresis in either of the 
surveillance tests. The formulation of a lime gel containing 
stearlc or stearlc andmphthenic acids is dependent on the 
relative importance in the proposed use of gel strength and 
of adhesion. 
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Table 5 

Calcium Stearate-Naphthenate-lfethacrylate Gels 

Gel . 
Ho. 

W-1 
F-I4I4 
f-U;13 

ET] 

MJ01 

F-Ü418 
B-lla7 
F-U4I6 

Composition 
 r   «aph- 

Surveillance 
/& byneresis" 

% AE     Stearic thenic Lime,     After 1 Mo, 
Polymer *cid, j6 AcidjK     jK     ST^ffO" at 12?u 

3 
2 
1 

t 
3 

It 
3 
2 
1 

1 
2 

1 
1 

2.0 
2*1 
2.3 

4.0 
347 
3-5 

- 2.67 
1 2.8 
2 2.9 
1 3.1 

2.6        0.5 

0 
1.0 
14 

1.8 
1.8 
24 
7.0 

0.5 
0.5 
1.0 

0 
0 

1.0 
3.0 

Adhesion 
to Stormer 

friood     Viscosity d Days 

Physical Properties» 
parallel Impact 

Plate   Strength 
E5T Z-Päys 1 lb. 

None 
Good 
Good 

Unreliable 
i^ood 
Good 

None 
Good 
Good 
Good 

1.9 

i$Q 

0.25. 
0.25 
2.2 

0.25 

2fe0 

8.2 
9.5 

12.7 

6.8 
7.3 
7.9 

10.2 
14.8 

6.6 

7.1 

it 
8.8 

15.0 
8.J 
5.2 

15.5 
15.3 
10.3 

84 
fc.2 
2.6 

1£.6 

9-7 

* T •Units: Stormer Viscosity: Revolutions per 1000 seconds under a 3OO g. load« 
Measure 2 days and 1 month after Parellel Plate Value: (cm.) 

Impact Strength: B Units the c;el was prepared. 
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Slnce the effect of fortifying agents is most apparent 
in gels of low polymer content, other organic acid combinations 
were principally studied in caustic gels containing 2$ AE 
polymer or lnterpolymer and in lime gels containing 3$ AE 
polymer. As demonstrated above, it is anticipated that the 
optimum acid combinations will be applicable to formulation 
studies at other polymer concentrations. 

The Northern Regional Research Laboratory has developed 
a process to dimerize the methyl esters, principally linoleates, 
from soyabean oil. Hydrolysis of this dimer yields high 
molecular weight gasoline-soluble acids whose use as gel plasti- 
cizers has been appraised in only a preliminary manner. In 
combination with stearlc acid, the dlmerized soyabean oil acids 
yield moderately fluid non-elastic gels of high fuel content. 
The use of approximately equal parts of the two acids appears 
optimum. To Improve stability and rate of heal in this type 
of gel it is necessary to use a 100$ excess of caustic as 
gelling agent. 

Based on the above observations, the preferred combination 
for use in the M-69 incendiary is the F-962 formula. This gel 
which closely resembles the F-614 gels in appearance has 
physical properties (parallel plate 8 to 9 cm., impact strength 
5.5 to 6.0, C scale units) in the range found optimum for the 
M-69 bomb. The 33$ lower solids content (5$ greater fuel 
content)of the F-962 than that of the F-6l4 formula results in 
a 20$ reduction in time of combustion. The burnt crust of the 
F-962 sei is harder and more tenacious than the residue from 
the F-614 gel. On the basis of an improvement in incendiary 
qualities, it is recommended that if manufacture of small tail 
ejection incendiaries should recommence, the F-962 formula 
should be evaluated in field trials. The use of AE polymer 
in place of 0.1 lnterpolymer in the F-962 formula yields stable 
gels (less than 1$ syneresis in one month at -40 or 125°) 
which are, however, too weak (Impact strength 3.7 B scale units) 
for use in the M-69. When the dlmerized esters are partially 
hydrolyzed the resultant half ester-half acid yields much 
stronger but unstable gels. The soyabean oil dlmerized acid 
mono esters of more complex alcohols, such as abietyl alcohol 
or octadecanedlol, were without thickening action. In a few 
preliminary tests the dlmerized soyabean oil acids appear 
promising as a plasticlzer for lime gels. F-967 (3$ AE polymer, 
4$ stearic acid, 2$ dlmerized acids, 3*5$ CaO, 2.3$ H20) was 
stable in laboratory surveillance tests and equals the IM-4 gel 
in strength. The use of dlmerized soyabean oil acids might 
Introduce manufacturing difficulties due to their high vis- 
cosity, 81 poises at 25°C, and congealing temperature, 0°C. 

The presence of small amounts of Turkey Red Oil 
(sulfonated castor oil) in stearic acid gels will Increase 
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fluidity and adhesiveness but simultaneously reduce gel strength. 
The effect Is most marked with lime gels. Thus, for example, 
the addition of 0.2# Turkey Red Oil (F-1447) to the IM-4 
formula causes a reduction In Impact strength from 13 to 9 C 
scale units and an increase in the Stormer viscosity value 
(i.e., a decrease in viscosity) from 0.25 to 16 revolutions/ 
1000 sec/500 g. When sodium hydroxide is the gelling agent 
the preferred ratio of stearic acid to Turkey Red Oil is 3 to 1. 
Such gels are stable, fluid, and adhesive hut appreciably weaker 
than naphthenic acid plasticized gels. At both higher and lover 
ratios the gels become stiff and friable so that in high con- 
centrations Turkey Red Oil appears to act as a stiffening agent. 
Although the plasticlzlng action of Turkey Red Oil has not 
been successfully applied during the present formulation studies, 
its use with stearic acid warrants further consideration be- 
cause of the adhesion and good low temperature properties it 
imparts. This is exemplified by gel F-2386 (5# ethyl cellu- 
lose, 3-5# stearic acid, 1.8$ Turkey Red Oil, 15$ acetone, 
3.7# of 40# NaOH) described in Section VIII. Due to the 
nature of the viscollzing agent, this gel tended to scatter 
in M-69 static firing tests but all of the material remaining 
in the target area at both -40°F. (40#) and at 77°F. (535*) 
adhered to the target. This target adhesion at -40° is one of 
the highest observed in the M-69 field evaluations. 

Methacrylate gels containing mixtures of stearic. 
acid and wood rosin as the only soap-forming constituents 
separated and hardened during surveillance at 125°F. and 
lacked adhesion to wood. The soap-thickened fuel developed 
by the Standard Oil Development Company for use in the M-69 
bomb contained 3.5# wood rosin and 1.75# stearic acid. When 
2£ of various grades of lsobutyl methacrylate polymer was 
added to this formula, the gels synerized at room temperature 
and were stiff and weak. In the presence of 2# interpolymer 
the most stable gels contained equal parts of the two acids. 
The best gel in this series (F-2045) contained 1.5# stearic 
acid, 1.5S& wood rosin, and 2.1# of ho<f>  NaOH. In M-69 firing 
tests gel F-2045 exhibited moderate strength but negligible 
adhesion to the target. Gels fortified by mixtures of wood 
rosin and stearic acid showed in storage a greater decrease 
in parallel plate value (1.8 cm./mo. average of 10 gels) than 
did gels prepared from any other combination of soap-forming 
acids. The properties of the gels were not improved by the 
use of rosin derivatives (dimerized rosin and hydrogenated 
rosin). 

Of the various combinations of three acids (including 
stearic but not oleic acid) studied, mixtures of wood rosin- 
stearic and naphthenic acids were the only ones to show improve* 
ment over the simpler two-acid systems. Gels containing equal 

CLASSIFIED - CONFIDENTIAL 

';. * 



'CLASSIFIED - CONFIDENTIAL 

-40- 

amounts of these three acids were strong, elastic, fluid and 
stable in surveillance. This Is the only combination of 
stearlc acid and wood rosin that does not synerlze at 125°F. 
and which apparently does not stiffen with age. The F-624 gel 
containing 2%  of 0.1 interpolymer, 2%  each of the three acids 
and 0.5$ alpha-cellulose has been found to have the best in- 
cendiary characteristics as a filling for the M-69 bomb of any 
methacrylate gel tested. In the absence of filler (alpha- 
cellulose) the use of 2%  of 0.2 interpolymer with the same 
soap-forming acids yields a gel which proved only slightly 
inferior in firing tests to the F-241 and F-624 formulas. 
Replacement of the naphthenic acid in the F-624 formula by 
Turkey Red Oil produced a stiff gel unstable at 125°F. 

As indicated In appended Table 15, many other organic 
acids were found to be equivalent but in no way superior to 
stearlc acid as gel fortifying agents. The ready availability 
of stearlc acid therefore dictated Its use. Based on surveil- 
lance studies, Hydrofol 51 was the grade of stearlc acid most 
suitable for gel preparation. It was used as the standard 
stearlc acid in laboratory formulation tests. Triple pressed 
but not double pressed stearlc acid was nearly as satisfactory 
as Hydrofol 51 and was preferred when the gel contained wood 
rosin. 

b. Gels Containing Oleic Acid 

Gels containing oleic acid were softer, slightly 
stronger, and less stable at either -40°F. or 125°F. than 
equivalent stearlc acid formulations. The only combination of 
oleic acid and a single other acid that was stable in 
surveillance tests was a mixture of oleic and naphthenic acids. 
The stabilization of other acid mixtures by the addition of 
stearlc acid will be discussed in the next section. Gels In 
which oleic acid was the sole bodying agent were weak and 
very unstable. Gel F-2099 (2%  of 0.5 interpolymer and yf> 
oleic acid) exhibited 20# phase separation after 3 days at 
125°F. or 10 days at -40°F. The series of gels containing 
oleic and naphthenic acid were extremely strong, fluid and 
elastic. In consistency and feel they resembled a raw oyster. 
The stable formulas contained 2-3# oleic acid, 2% naphthenic 
acid, 2ff>  of a 0.3 interpolymer, and 2.3 to 3-3# of 4<# NaOH. 
Gels within this composition range were sufficiently strong to 
resist breakup when fired in an M-69 incendiary but target 
adhesion was always low. When the naphthenic acid content 
was increased to yf>  the gel scattered badly when fired at 
-40°F. Due to excessive elasticity, these gels would not 
tolerate the presence of fibers. Gels containing alpha- 
cellulose or Darco were more unstable than unfilled gels 
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and did not show Improved adhesion In firing tests. Mixtures 
of olelc acid and Turkey Red Oil yielded soft rubbery methacryl- 
ate gels which could be stiffened by the presence of fillers 
but were very unstable at 125°F. All two acid gels containing 
olelc acid and wood rosin separated when stored at 125°F. The 
strongest gel In this series was F-2049 (2# of 0.3 interpolymer, 
2$  olelc acid, yf>  wood rosin). Higher concentrations of 
wood rosin gave weak, grainy gels while lower concentrations 
of wood rosin made the gels fluid.  In this series wood rosin 
appears to act as a stiffening rather than a plastlcizing 
agent. Oleic acid-wood rosin mixtures were not gelled by bases 
other than caustic (CaO, Zn(0H)2, AI2O3, Ba(0H)2T. The sub- 
stitution of stearic by oleic acid in the F-624 formula (2% 
of 0.1 interpolymer, 2%  stearic acid, 2% naphthenic acid, 2$ 
wood rosin, 0.5# alpha-cellulose) yielded weak gels which broke 
down in surveillance at 125°F. This series of gels remained 
fluid and unstable when the wood rosin content was varied be- 
tween 1 and yf>. 

c. Peats Containing Both Stearic and Oleic Acids 

Gels containing stearic and olelc acids but no plastl- 
cizing acid were stiff, friable, weak, and unstable. In order 
to reduce stiffness and to produce gels which would heal when 
cut, it was necessary to add a plastlcizing agent in a concen- 
tration equal to or greater than the concentrations of the 
stearic and oleic acids combined. Such mixtures were in 
general fluid and were Improved by the addition of fillers. 
The presence of oleic acid tended to reduce any change In 
gel physical properties that occurs with time but also reduced 
adhesion to wood. 

In the series of gels containing mixtures of stearic, 
olelc and naphthenic acids, the optimum ratio of acids appears 
to be 1 to 1 to 3 (naphthenic). Such gels are fluid and elastic 
but when bodied by alpha-cellulose became inelastic and 
moderately stiff. F-615 (2% AE polymer, 1# stearic acid, \% 
olelc acid, yf>  naphthenic acid, 0.5p alpha-cellulose) was com- 
pletely stable in surveillance tests. In M-69 firing tests 
this gel showed moderate strength at both 70°F. and -40°F. but 
adhesion to the target was low. The partial replacement of 
the stearic acid in F-615 formula by alpha-cellulose reduced 
stability and gel strength and Increased resilience. All gels 
In this series containing 0.3 interpolymer as viscolizing agent 
were very unstable at 125°F. 

The use of high concentrations of wood rosin allowed 
formulation of stable gels from stearic and olelc acids with 
Interpolymer rather than AE polymer. The proportions of these 
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acids yielding greatest strength without excessive stiffness 
vas 1%  stearic acid, 2%  oleic acid and yf> wood rosin. When the 
viscolozing agent with these acids was 0.3# interpolymer (F- 
2052) or 0.2# interpolymer (F-622), the resultant gels showed 
no syneresis in surveillance tests and exceptional strength in 
M-69 firing tests at both 70°F. and -40°F. Adhesion to the 
target in M-69 firing tests was negligible. Due to its lower 
wood rosin content, another basic formula (F-623: 2%  of 0.1 or 
0.2 interpolymer, 1.5# stearic acid, 2%  oleic acid, 1.75^ wood 
rosin) which was stable in surveillance had moderate strength 
but was too stiff. The use of 2%  each of the three acids, 
0.5# alpha-cellulose and 2# AE polymer (F-563) gave a stable 
gel which was somewhat weaker and more elastic than its proto- 
type F-624. Gelation of this mixture with lime produced a 
very fluid gel. 

All gels prepared from mixtures of Turkey Red oil, 
stearic acid, and oleic acid were friable and weak. 

d. Miscellaneous Bodying Agents 

The addition of 5£ of bodied linseed, soyabean or 
castor oils to soap-fortified gels did not cause any marked 
change in physical properties or firing characteristics. 

Evaluation of lignin stearate (Meadol) as a bodying 
agent for methacrylate gels showed it to be without effect when 
used in normal concentrations (2.5*5.^). A 10£ solution of the 
ester in gasoline gelled with aqueous caustic is fluid, weak 
and inelastic. Up to 30$ of the ester can be added to straight 
gasoline without significantly Increasing its viscosity. 

A gel prepared by substituting glyceryl tristearate 
for the stearic acid in the F-107 composition had a "setting 
up" time of 2 to 3 hours. The gel ultimately resembled a 
typical F-107 gel but was less stable at 125°F. 

3. Gelation Agents 

The gelation of gasoline solutions of methacrylate 
polymers and soap-forming acids was accomplished by the addition 
of aqueous solutions of strong bases, of which lime and sodium 
hydroxide proved most useful. The preparation of a satisfactory 
gel is strongly dependent on the proper choice of the nature 
and amount of the gelation agent and of the strength of the 
aqueous solution. With sodium hydroxide, a water-soluble base, 
best results were obtained when a k0$  solution was added in an 
amount 1-1/2 times that required to neutralise the acidity of 
the soap-forming acids and the Interpolymer. On the other hand, 
a sevenfold excess of ground lime appears optimum. Throughout 

CLASSIFIED - CONFIDENTIAL 



CLASSIFIED - CONFIDENTIAL 

the formulation study of soap-fortified gels, preliminary 
•valuation of other Ingredients was based on these concentra- 
tions of gelling agent. 

a. Sodium Hydroxide 

In formulation studies on aqueous caustic as a gelling 
agent, the greatest variation in gel properties was observed 
vhen the strength of the caustic solution vas varied. For 
gel stability the strength of the caustic solution must exceed 
25#. For each strength of caustic solution there is an optimum 
range of gelling agent concentrations below which the gels 
tend to be hard, friable and unstable at -40°F. and above 
which the gels tend to be fluid and unstable at 125°F. The 
greater the concentration of the caustic solution, i.e., the 
less the amount of water present, the lower was the number 
of equivalents of NaOH at the optimum point. With kOf>  aqueous 
NaOH solutions approximately 1-1/2 equivalents of base per 
equivalent of organic acid in the gel were required while 1-3/1* 
equivalents of a 35# solution appeared optimum. The above 
generalizations on the Importance and effect of the nature of 
the gelling agent were borne out In intensive formulation 
studies on the F-241 and F-614 formulas which are described 
in detail in Section VII A-l and VII B-l, respectively. 
A similar effect was also noted in studies of gels contain- 
ing the following combinations of acids: stearic-wood rosin, 
stearic-dimerized soyabean oil acids, and naphthenic-oleic 
acids. In all cases the point of optimum stability in sur- 
veillance coincided with' the concentration yielding maximum 
impact strength and optimum body, i.e., neither fluid nor 
friable. A 40£ solution of NaOH is about as concentrated a 
solution as can be conveniently handled. It freezes at 
approximately 5°C. An anhydrous system was obtained by 
neutralizing the organic acids with solid sodium methylate 
which is gasoline-soluble. In the absence of water neutrali- 
zation of the stock solution with sodium methylate increased 
the viscosity but did not cause gel formation. If water were 
slowly added to this viscous mixture, gelation occurred. The 
best gels obtained in this manner contained base and water . 
equivalent to a 40$ NaOH solution. Since the presence of 
alcohol from hydrolysis of sodium methylate is known to affect 
the 125°F. stability adversely, this technique is not recom- 
mended . 

b. Lime 

In contrast to sodium hydroxide, the use of lime 
results in gels which are slow to set up and which are stable 
over a wide range of concentrations of gelling agent. While 
sodium hydroxide gels body approximately 30 seconds to 1 minute 
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after the caustic Is added and reach their ultimate strength in 
24 hours, lime gels may require one hour to body sufficiently 
to keep the lime dispersed and require at least 48 hours to 
reach ultimate strength. Lime gels are prepared by dispersing 
the solid lime in the gasoline solution of polymer and soap- 
forming acids and then obtaining gelation by adding water with 
agitation. The major fraction of the lime never goes into 
solution but remains suspended in the gel. The final gels are 
somewhat fluid, resilient, and lack adhesion to wood unless a 
plastlcizlng acid is present. In formulation studies on lime 
gels containing 3% or more AE polymer, a large number of 
surveillance tests showed negligible syneresls at 125°F. and 
less than 2%  syneresls at -40°F. The only exceptions were 
a gel prepared with lime which would not pass 60 mesh and a 
gel with very low water content. 

While lime gel stability is Insensitive to the con- 
centration of the gelling agent, physical properties of the gels 
are strongly dependent on the amount of CaO in the gel, to a 
lesser extent on the size of the lime particles used, and to a 
very minor extent on the amount of water added. This is demon- 
strated by examples In Table 6. An Increase In the lime content 
of a gel Increases its strength and stiffness but reduces 
adhesiveness. As shown in Table 6-A, the Impact strength of 
F-1429 (IM-4) gels increased from 5-7 to 17.4 C scale units as 
the lime content was Increased from I.67 to 5.0£. There was a 
simultaneous decrease In the Stornier viscosity and parallel 
plate values which determine the fluidity or body of the gel. 
In this series the ratio of the lime to water concentrations was 
kept constant and a standard graded lime was used. A series 
of IM-1 gels (Table 6-B) were prepared using as the gelling 
agent close fractions from a sieve analysis of ground lime. 
These fractions were recomposlted as indicated to give a 
standard ground lime of uniform particle size for gelation 
studies. The finer the particle size the greater is the surface 
exposed and thus the greater Is the effective concentration of 
lime In the gel. A decrease in the particle size, therefore, 
Increases the strength and stiffness of the gel. The Impact 
strength measured when the gels were two days old varied between 
11.6 for the gel containing lime of 60-80 mesh to 17.0 when the 
lime passed 200 mesh. After a seven months period in storage 
the Impact strengths of these IM-1 gels tended to approach each 
other but this was far from complete. In general, there are 
only slight changes with age In the physical properties of lime 
gels after the initial 48 hour gelation period. The rate at 
which gelation occurs is strongly dependent on the particle size 
of the lime. An IM-1 gel prepared with lime passing 200 mesh 
set up completely in 20 minutes while the gels in Table 6-B 
containing grades of lime of successively larger particle size 
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Table 6 

Isobntyl Methacrylate AE Polymer Gels Containing Line 

Nature of the Gelling A&ent 

TT 
Composition 

btearic 

Gel 
Po r Acid Lime 

%   (Irade 
H.0 

JL 

Impact Strength 
C Units 
IMo. 

A. Effect of 
P=BI26—y 

Lime Concentration 
IF 

1423 3 
1^29 3 
11*30     3 

B. Effect of 

I 
"H67" 
2.0 

l'.0 
5-0 

II 
II 
H 
II 
« 

a 1.0 
1.25. 5. 
14 7.2 
1.9 10.8 
2.5 15.5 
3.1   174 

F=I395 5 7 

1397 5 3 

1398 5 3 

1399 5 3 

1400 

C. Effect of 

Lime Particle Size 
7F60 

5 
5 

mesh 
60-60 
mesh 
80-100 
mesh 

2 100-200 
mesh 

2 >200 mesi 1.25 
2 G       1.25 

1.25 24 

1.25 11.8 

1.25 12.3 

1.25   1M> 

17.0 
13.0 

1^27      3 
1^52      3 

•Analysis of 

HaO Concentration 
—n OT 

h. 2.67 
fc 2.67 

Grade 6 Line: 

G 
M 

U 

e 

1.33    94 
2.0     9.7 
5.0    ll.l 

ih of fractioi 
finer than 

16.8 
15.6 

THöT: 

14-2 

164 
15.5 

Parallel 
Plate 

Value (cm.) 
z uays 

■« 

10. 
%•"> 6.0 
6.8 
6.3 

13.6 

9*3 
8.2 

7-7 

612 

8.6 
8.0 
8.5 

Stormer 
Viscosity 

R/1000 Sec./ 

-SgSJk  z üars 

70 

2.3 
0.25 
0 

5050 

3 
1.1 

0.9 

0 
1.9 

5.0 
5.0 
3.0 

mesh. 
, 60-80, 60-100 and 100-200 mesh 

01 

I 

I      o o 
3 
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requlred from 1 to 20 hours to gel. The coarsest lime used 
(35-60 mesh) gave a gel which did not set up completely. As 
Is shown In Table 6-C In the range of 1 to 5%  the water content 
of IM-4 gels does not affect physical properties significantly. 
An Increase In the water content yields a smoother, more uniform 
gel which exhibits slightly greater low temperature syneresls. 

Gels of the same physical properties result whether 
calcium oxide and water or slaked lime, Ca(0H)2, and water In 
an amount corrected for the quantity present due to slaking are 
used as the gelation agent. A group of 29 gels prepared with 
CaO or Ca(0HT2 were studied in respect to aging characteristics 
and stability at outside storage conditions. Gels containing 
stearic but no naphthenlc acid have constant parallel plate 
values over the period from 48 hours to 7 or 8 months (whether 
gelled with CaO or Ca(0H)2), and show no syneresls. Those gels 
containing both stearic and naphthenlc acid show no syneresls 
if CaO has been the gelling agent. When Ca(0H)2 was used the 
gels show from 0.1 to 2.0$ syneresls. The presence of naphthenlc 
acid In lime gels tends to cause the gels to weaken with age. 
Gels containing yf> naphthenlc acid and 1%  stearic acid showed 
syneresls at room temperature within three weeks after prepara- 
tion when Ca(0H)2 was the gelling agent but no syneresls in 
8 months when CaO was used. 

Unsuccessful attempts to prepare lime gels In the 
continuous unit will be described In Section VII-D 

c. Ammonia and Amines 

Methacrylate gels containing ammonium hydroxide as 
felling agent gave the most rapid burning rate and left the 
east residue on combustion of any gels tested. Despite a 

fairly comprehensive formulation study, however, no strong gels 
were prepared when either ammonia or amines were used as gelling 
agents. The complete data on this program are shown in Appended 
Table 16. The gels prepared from 21% aqueous ammonia were very 
fluid and synerized rapidly at 125°F. Gels containing organic 
amines and soap-forming acids retained the favorable burning 
characteristics of ammonium hydroxide gels but were weak and 
friable. Attempts to prepare soap-free interpolymer gels with 
amines as the gelation agent did not yield any mixture with 
sufficient strength even for use In frangible grenades. The soap- 
free interpolymer amlne gels are stable at 125 F. but synerlze 
at -40°F. Partial replacement of gasoline by toluene results 
in weaker but more stable and mobile gels at low temperature. 
Attempts to cross-link the polymer In interpolymer-gasollne 
solutions by the addition of diamines such as ethylenediamine 
did not result in strong gels. 
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d. Miscellaneous Gelation Agents 

By proper choice of concentrations, other strong 
bases can he used as gelling agents In place of caustic or lime. 
The properties of both soap-free and soap-fortified Inter- 
polymer gels containing 40J6 NaOH could he duplicated by gelation 
with an equivalent number of moles of 50# aqueous KOH. A 40£ 
KOH solution gave stiffer, more friable gels.  In a few tests 
the use of lithium hydroxide in the F-241 formula or in the 
soap-free 5# interpolymer formula gave very fluid gels. In 
a similar manner barium hydroxide closely resembled calcium 
hydroxide as a gelling agent both as regards rate of gel 
formation and ultimate strength. 

No gelation was obtained when weak bases or basic 
salts were added to lnterpolymer-gasollne or interpolymer- 
gasoline-soap-forming acid mixtures. The weak bases tested 
Included zinc hydroxide, aluminum hydroxide, powdered Ignited 
aluminum oxide, and basic aluminum acetate. Both sodium 
carbonate and sodium bicarbonate failed to react in lnter- 
polymer-gasollne mixtures. 

The effect of the soaps of weak bases was therefore 
observed by adding polymer or a polymer solution to a gasoline 
solution of the preformed soap. Aluminum stearate could be 
dissolved in gasoline by boiling with reflux. Aluminum 
naphthenate, aluminum palmltate and Napalm went into solution 
at room temperature. Gels containing o$ aluminum palmltate and 
3 to 5$ Interpolymer were tough, elastic and stable in surveil- 
lance. Due to the absence of excess gelling agent, the above 
high polymer and soap content was required to obtain a strong, 
stiff gel. A gel containing 4# aluminum palmltate and 5£ 
Interpolymer synerized at room temperature. Aluminum soaps 
could no£ be combined with sodium soaps since they are peptized 
by alkali. Lead soaps are not effective bodying agents but 
also are not affected by the presence of caustic. A 10$ 
solution of the lead soap of cocoanut oil fatty acids in gaso- 
line was not gelatinous. The addition of either AE polymer or 
lnterpolymers to the soap solution Increased its viscosity to 
produce very fluid gels. An elastic, moderately strong gel 
was produced by adding l£ of 4o# caustic to a gasoline solution 
containing 2% of 0.1 Interpolymer and yf> lead soaps. The 
incorporation of stearlc, olelc or naphthenic acids along with 
the lead soaps, followed by gelation with caustic, yielded 
stiff, grainy, friable gels. 

Attempts to simultaneously fill and gel a polymer 
solution by dispersing alkali cellulose In it were technically 
unsatisfactory. Control of water and caustic content of the 
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alkall cellulose was difficult. There was no indication that 
this technique caused the cellulose to bind the aqueous and 
gasoline phases or to act in any manner other than as an inert 
filler. The best of these gels resembled an alpha-cellulose 
filled gel prepared in the normal manner by addition of 40$ 
caustic to the stock solution containing polymer and filler. 

4. Fillers 

The addition of inert solid materials imparts body 
and reduces resilience of fluid elastic gels. With certain 
combinations of soap-forming acids, this yields strong, ad- 
hesive, stable gels. The outstanding example is the F-624 
gel. 

Of the materials tested, alpha-cellulose ground in 
a micropulverlzer appeared to be the most effective filler. 
Due to the low apparent density of this fibrous material, the 
maximum amount that can be dispersed in a gel is approximately 
3$ by weight. The optimum concentration appears to be 0.5$. 
Both Darco G-60 activated charcoal and crystalline sucrose in 
concentrations of 3$ will stiffen a methacrylate gel to 
approximately the same extent as will 0.5$ alpha-cellulose, 
but vill not impart as great strength or adhesion. 

The effective use of a filler requires a gel base 
vhlch without filler is fluid and yet tough and therefore 
elastic and. non-adhesive. Such gels were formed when the 
viscollzing agent was an lsobutyl methacrylate-methacrylic acid 
interpolymer and plasticizing soaps were present in greater 
concentration than soaps which acted as bodying agents. In 
general gels containing such combinations of soaps were un- 
stable at 125°F. For example, gels with excellent physical 
properties were obtained by filling stearlc-naphthenlc acid 
containing mixtures in which naphthenic acid was in excess. 
The best of this series contained 2$ interpolymer, 1.5$ stearic 
acid, 3*5$ naphthenic acid and 1$ alpha-cellulose, and com- 
pletely broke down into two phases after 3 weeks at 125°F. 
The only soap combinations which were both stable in surveil- 
lance and susceptible to filling were: (a) 2$ each of stearic 
acid, naphthenic acid and wood rosin, (b) 2$ each of stearic 
acid, oleic acid and wood rosin, and (c) 0.5$ stearic acid, 
1$ oleic acid and 3$ naphthenic acid. Gels prepared from com- 
bination (b) were somewhat stiffer and weaker than those con- 
taining the acids in (a) (F-624). The mixture of acids (c) 
gave strong gels which in laboratory tests appeared the equal 
of the F-624 formula but which showed negligible adhesion to 
the target in M-69 static firing tests. 

The optimum effect of a filler was obtained when there 
was a simultaneous reduction in the methacrylic aoid content of 
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the interpolymer In the base formula. Thus with acids combina- 
tion (a) the optimum Interpolymer was prepared from lsobutyl 
methacrylate containing 0.2 and 0.1# methacrylic acid for un- 
filled (F-616) and filled (F-624) gels, respectively. In each 
series the use of a higher interpolymer gave tougher, somewhat 
elastic non-adhesive gels which were less stable in surveillance 
while a lower methacrylic acid content gave weak gels which 
were not improved by an Increase In their alpha-cellulose con- 
tent. 

5. Fuels 

As the major constituent of Incendiary gels the Im- 
portance of the fuel cannot be overemphasized. The nature of 
the gasoline is an Important factor in" determining gel strength 
and stability. The incendiary effect of gels is obviously due 
to the fuel; during combustion the other components of gels 
are only partially consumed. The rate of combustion and the 
total available thermal energy of the gels can be varied widely 
by appropriate choice of solvent. The presence of aqueous 
caustic or lime prevents the incorporation of pyrotechnic 
materials in methacrylate gels. Combinations of metals and 
oxidizing agents which intensified gel combustion also destroy- 
ed gel stability. 

a. Oaaoline 

A study of the gasoline requirements of three (F-241, 
F-614, IM-1) specific gel formulas is described in Section 
VII. These data combined with the work of the group at the 
Standard Oil Development Company on F-241 and Napalm gels 
show a regular correlation between gasoline quality and gel 
properties. All gels tested showed an Increase in syneresis 
during storage at -40°F. with an Increase in the aniline point 
of the gasoline used in their preparation. For low tempera- 
ture stability most methacrylate gels require a fuel with an 
aniline point below 105°F. A low aniline point of the gasoline 
tends to reduce the Impact strength and Increase the parallel 
plate value of a gel to a slight extent. This results in 
improved low temperature firing characteristics. Both rate of 
gelation and final gel strength, however, may vary widely when 
gasolines of identical aniline point are used. Blue Sunoco 
yields tougher, more rigid gels than does Purol gasoline of 
the same aniline point. It is believed that this is caused by 
the relative proportions of aromatics, olefines, naphthenes, 
and paraffins in the particular fuel. It appears desirable to 
obtain a low aniline point by blending with "cracked stock" 
which is largely olefinic rather than by adding aromatics. 
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At the present time the suitability of a particular 
source of gasoline cannot be predicted by the usual tests. 
It Is therefore essential that the grade of fuel to be used 
In any gel preparation work be first tested In the laboratory 
as a component of a standard gel formula. The formulation 
studies described In this report were made with either Esso 
Winter Base or Purol Naphtha #2. These two fuels appear 
Identical for this purpose. 

b. Co-solvents 

The availability and excellent Incendiary qualities 
of gasoline dictated Its general use as the fuel component, but 
a short formulation study with other solvents was undertaken. 
The partial replacement of gasoline by toluene to stabilize 
interpolymer gels has been reported separately. 

Gels with desirable physical properties are only ob- 
tained In hydrocarbon solvents• Gels based on the F-614 formula 
were prepared In acetone, Isobutanol, ethyl acetate, benzene, 
dllsobutylene and cyclohexane. No gelation occurred In the 
first of these solvents and extremely weak pastes resulted from 
the use of the other two oxygen-containing solvents. Benzene 
gave very soft, fluid gels from which solid benzene separated 
below -20°F. Both cyclohexane and dllsobutylene gave stiff, 
resilient gels which had fair strength. The hydrocarbon solvents 
which appeared to be available In sufficient quantities were 
toluene, turpentine, and higher boiling petroleum fractions. 
All of these materials have a greater heat of combustion per 
unit volume than does gasoline, so they allow an Increase In 
the Incendiary potency of a bomb filling. Higher boiling 
petroleum fractions have a lower vapor pressure and therefore 
In gels a slower burning rate than does gasoline. Although 
turpentine yields more viscous polymer solutions than does 
gasoline, turpentine gels were weaker than their gasoline proto- 
types. 5# AE polymer dissolved In gasoline, cyclohexane, and 
turpentine to give solutions whose viscosities were 1.25, 2.35 
and 4.85 poises, respectively. F-6l4 (IM-3), F-1429 (IM-4) 
and F-1416 type gels were prepared using gasoline* turpentine 
or toluene as fuel. Those made with gasoline are the toughest, 
strongest and burn with the least amount of smoke. The use of 
toluene or turpentine In place of gasoline Increases the burn- 
ing rate of the F-6l4 caustic gel (3.0 or 2.9 vs. 3.6 minutes 
for 100 grams of gel). No significant effect was observed 
with the two types of lime gels. The turpentine gels took 
longer to ignite (for fire to spread over the complete gel 
surface). Partial replacement of gasoline by toluene was 
studied In a series of F-6l4 gels. As the toluene content was 
Increased in k%  Increments from 0 to 24$, the parallel plate 
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value rose regularly from 9-7 to 10.9 cm. vhile the Impact 
strength fell from 5*3 to 2.8 B scale units. 

c. Solids 

Due to the activity of other groups in this field, 
the effect of adding solid fuels or combustion acids was little 
investigated. When metals such as magnesium, zinc, lead, or 
aluminum were dispersed through the methacrylate gels, they did 
not Ignite during combustion of the gel. Some metal-oxidizing 
agent combinations did Increase the rate and Intensity of gel 
combustion, but due to the presence of aqueous caustic or lime 
they were unstable. The presence in an F-6l4 gel of 50$ of a 
mixture of equal parts of magnesium and sodium nitrate cut the 
burning time in half and gave a spectacular fire, but these 
two reagents reacted slowly, evolving ammonia and destroying 
the gel strength. Various other combinations of oxidizing 
agents including nitrates and barium chromate with powdered 
magnesium, zinc or sulfur were added to the F-614 gel. In all 
cases the metal did not Ignite during gel combustion. The  • 
presence of oxidizing agents alone speeded up the combustion of 
the last quarter of the gel but did not affect the initial 
burning rate. The physical characteristics of the gels seem 
relatively unaffected as long as added solid content is kept 
below 30#. The presence of 25£ sodium nitrate reduced the 
overall burning rate only 15#. Since this reduces the fuel 
and heat content of the gel, its use is not recommended. Liquid 
oxidizing agents such as nitrobenzene destroyed gel strength 
and stability. 

B. Effect of Composition on Individual Gel Properties 

The detailed information on gel formulation allows a 
few generalizations on the effect of the various components 
on gel properties. 

1. Consistency 

The strength of the gel and its resistance to rupture 
when ejected from a bomb is largely determined by the nature 
and concentration of the polymer. The body of the gel on the 
other hand is determined by its soap content. Gels made with 
lnterpolymers tend to be elastic and tough, while the AE polymer 
produces more adhesive, slightly weaker, less elastic gels. 

To demonstrate the variation in consistency with tem- 
perature the impact strengths of representative gels were 
measured at both 77°F. and 45°F. As shown in Figure 4, the 
gels fall into distinct classes which are determined by the 
nature of the vlscollzing agent. It appears significant that 
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12 gels containing AE polymer and based on four diverse formulas 
all show Impact strength versus temperature curves with sub- 
stantially the same slopes. This series Includes both lime and 
caustic gels, and gels containing from 2 to yf>  polymer. The 
only factor that was not varied markedly was the total soap 
content. Based on this correlation, the thlckners can be rated 
in order of their tendency to produce a gel whose consistency 
is insensitive to temperature in the following order: Napalm 
(best), 0.3 interpolymer, AE polymer, and NR polymer. 

2. Incendiary Characteristics 

The total heat of combustion of most of the gels under 
consideration is sufficiently uniform so that the incendiary 
characteristics of the gels are largely determined by their rate 
of combustion and the flow characteristics of the burning gel. 
Obviously the rate of combustion is Influenced by the surface 
exposed and this in turn in practice will depend on the distri- 
bution of the gel from the munition. The burning rate tests 
give a comparative measure of incendiary properties which is 
independent of gel strength. Results are given in appended 
Table 17. The burning times are obviously relative and bear no 
direct relation to a particular munition. 

In all cases combustion is Incomplete. A residue of 
charred soap and polymer Is apparent even during the early 
stages of combustion as a crust which coats the unburned portion 
of the fuel. Where this crust is strong it prevents the gel 
from flowing and spreading the fire. The heaviest crust is 
formed by lime gels and the weakest and most permeable crust 
by formulas gelled by aqueous ammonia. Caustic gels are Inter- 
mediate. The quality of the crust is also dependent on the 
soap-forming acid content of the gel. Thus In 2% AE polymer 
gels a reduction in the soap content from 6# (F-614) to \<f> 
(F-962) reduced the burning time 20£. The effect of soaps is 
further exemplified in a series of gels containing 4 or 5$ of 
a 0.3 Interpolymer. The addition of naphthenlc acid caused a 
slight reduction in burning time while the presence of all other 
soap-forming acids tested Increased the period of combustion 
appreciably. The effect of variation in the fuel fraction and 
the use of oxidizing agents have been discussed in the sections 
on co-solvents and solid fuels, respectively. 

3. Stability 

In methacrylate gels good low temperature stability 
is favored by a low polymer content, the use of polymer of low 
methacrylic acid content, a high soap content, a high concentra- 
tion of gelling agent, a low water content, and the use of 
gasoline which has a low aniline point. With a reasonably stable 
basic formula, the most Important factors appear to be the 

CLASSIFIED - CONFIDENTIAL 



CLASSIFIED - CONFIDENTIAL 

-53- 

nature of the gasoline and the strength and concentration of 
the gelling agent. During plant manufacture based on two 
formulas, unstable gels vere produced when the gasoline had 
an aniline point of 112°F. and when the strength of the caustic 
solution fell to 36#. These difficulties vereeliminated and 
stable gels produced when a gasoline of 95°F. aniline point and 
a kQfi caustic solution vere used. In a similar manner the 
instability of the F-614 formula vas corrected by increasing 
the amount of 4o£ NaOH in the gel from 3.6 to 4,5#. 

Good high temperature stability is favored by a high 
polymer content, a high stearlc acid content, and the use of 
concentrated solutions of the gelling agent, i.e., a lov vater 
content. The presence of oxygenated solvents vill destroy 
high temperature stability. In general, lime gels are more 
stable than caustic gels and are less sensitive to variations 
in composition. Gels containing more naphthenic acid than all 
other soap-forming acids combined are extremely stable and, in 
general, the presence of naphthenic acid aids gel stability. 
Most rosin containing gels, on the other hand, exhibited 
syneresis. It is recommended that if rosin is to be used In 
nev gel formulas, then the fev stable rosin combinations 
described above be adhered to closely and the stability of 
the product be examined critically. 

The results of all surveillance tests on laboratory 
gel samples are given in Table 18 in the Appendix. 

VI. Evaluation of Gels in Field Trials 

While physical testing techniques guided the vork 
on gel formulation and eliminated many mixtures from further 
consideration, the orientation of the physical testing and the 
final choice of candidate fillings vere based on field trials. 
Gels vere assessed in this manner in four munitions of vhich 
the M-69 Incendiary bomb vas the application studied most in- 
tensively. In all cases this group merely prepared material 
for test by other groups in NDRC or CVS. Representatives of 
this group vere frequently observers at such tests. Only the 
data pertaining to gel formulation are presented in this report. 
When firing tests vere run on plant production or on experi- 
mental plant batches, the vork vas supervised by other groups 
and has been reported to them. 

A. M-69 Incendiary Field Tests by Standard Oil Development 

Forty methacrylate gels vere submitted to the Standard 
Oil Development Company for evaluation as M-69 fillings. The 
static firing test against a plyvood target served as a pre- 
liminary measure of gel properties. The best gels vere then 
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studied in more extensive tests Including turning tests in 
attic structures, mortar shots, and open field range and ignition 
tests. Series of firing tests to standardize the properties of 
F-241, F-6l4, and F-624 gels will be described in Section VII. 
The results of a competitive examination of candidate M-69 
fillings held November 19 to 21, 1942 are described in a fuel 
review report of November 27, 1942 by Prof. H. C. Hottel to 
Dr. R. P. Russell, Chairman, Division B-10, NDRC. 

After establishing the merits of the F-241 gel as an 
M-69 filling the purpose of subsequent firing tests and formu- 
lation studies was to prepare a gel of equal value as an In- 
cendiary filling but of reduced methacrylate content. This 
polymer saving was accomplished in the F-614 and F-624 formulas 
containing 2$ AE polymer as opposed to 5$ NR polymer in the 
F-241 gels. As criteria of the value of these gels the per cent 
in the target area when the gel was fired at room temperature 
and at -40°F. and the room temperature adhesion to the target 
were chosen. A summary of the firing tests is shown In appended 
Table 19* With the exception of the F-624, no gel containing 
2$ of an lnterpolymer gave more than 35$ adhesion to the target 
and in the majority of cases only 5 to 10$ of the gel charge 
remained on the plywood target. This Indicates the elastic and 
cohesive as opposed to adhesive properties of lnterpolymer gels. 
These gels also tended to scatter when fired at -40°F. If 
strength alone Is considered and adhesion Is Ignored, the 
F-2052 (2% of 0.3$ lnterpolymer, 2%  oleic acid, 3$ wood rosin 
and 1$ stearlc acid) would be chosen due to nearly complete 
absence of scatter at both -40°F. and 70°I . The lack of ad- 
hesiveness of lnterpolymer gels was corrected by the use of a 
filler in the case of the F-624 gel or by shifting to AE polymer 
and increasing the concentration of soap-forming acids as ex- 
emplified by the F-614 formula. We believe an acceptable M-69 
filling will average less than 10$ scatter at both -40° and 70°F. 
and will show at least 50$ adhesion to the target at 70°F. 
The tests on the F-614 gels indicate that gels meeting these 
requirements will have Impact strengths in the range of 4 to 
10 B scale units. 

The four ethyl cellulose thickened gels which under- 
went firing tests all showed excessive breakup. This may 
demonstrate the Importance of the reaction between the gelling 
agent and the vlscollzlng agent in producing gel strength since 
methacrylate polymers react with caustic while ethyl cellulose 
is inert. Gel F-2386 (5$ ethyl cellulose, 3.5$ stearic acid, 
1.8$ Turkey Red Oil, 15$ acetone) showed remarkable adhesion at 
both firing temperatures; the per cent adhering to the target 
nearly equaled the amount remaining in the target area. This 
suggests a further study of Turkey Red Oil as a plastlcizer is 
warranted 
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If renewed production of the M-69 bomb is anticipated 
it is suggested that firing tests be made to compare the F-614, 
F-624 and F-962 gels as the incendiary material for this bomb. 

B. E-9 Mortar Tests by Texas Company 

Nineteen gels were submitted to the Texas Company for 
evaluation as a filling in the E-9 40 lb. incendiary. Composi- 
tion of the gels and results of the firing tests are shown in 
Table 20 in the Appendix. The original nine samples were gel 
compositions which had previously been tested in the M-69 or 
M-47 bombs. The toughest IM-4 and the fastest burning gel 
(A-3461) from this group were fired and thought to be too weak 
for the E-9. A second series of five gels having a minimum 
impact strength approximately twice that of the first series 
was then submitted and tested. These gels were obviously too 
tough so that a final series of five gels with intermediate 
strength was submitted. 

The most effective gels contained an isobutyl 
methacrylate-methacrylic acid interpolymer and 1$ or less soap- 
forming acids. The properties of these gels have been reported 
separately. They indicate that the optimum filling for the E-9 
bomb will have an impact strength of from 10 to 12 C scale 
units. Such gels when delivered into locations favoring in - 
cendlary action start rapid intense fires which consume all 
combustible material in that area. 

The methacrylate gels containing high concentrations 
of soaps were difficult to appraise by the existing technique. 
Possibly due to slow ejection from the mortar they were deflect- 
ed and aiming at the target was inadequate. This is reflected 
in the high concentrations of gel located beyond the target. 
Destruction data should be judged with this factor in mind. 
The five extremely tough gels (A-39^2 - A-39^6) when delivered 
to the target tended to bounce back and fall away from the base 
of the plywood. As the gels burned they did not flow. Gel 
A-39W showed a very high target destruction (8OJ6) but was 
judged inferior to soap-free interpolymer gels since it gave 
a much more slowly starting fire. The only gel which adhered 
in large amounts to the target wall was a gel (A-3^61) which was 
so weak that it was ejected from the case as a spray. This 
spray covered the target and flash burned. 

C. M-47 Tests by Chemical Warfare Service 

In the early search for incendiary fillings for the 
M-47 bomb, two isobutyl methacrylate gels were submitted for 
test by the Technical Command at Edgewood Arsenal of the 
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Technlcal Division of the Chemical Varfare Service. These tvo 
gels (F-107 and F-70*) were tested by comparing their performance 
as a tomb filling with that of 8$ smoked sheet rubber in gasoline 
when loaded bombs were released from an airplane at an alti- 
tude of 5,000 feet. Initial tests indicated the F-107 formula 
was superior based on ignition dispersion of gel and duration 
of fire. Flash in all cases was negligible. Manufacturing 
considerations led to adoption of a similar gel containing 
lime which vas formulated by the Research Section of the 
Technical Command. This vas standardized as the IM-1 gel. 

A considerable number of soap-free interpolymer gels 
vere also tested. The results are described separately. A gel 
of moderate soap content (F-519 - 4$ of 0.1$ interpolymer, 1.5$ 
stearic acid, 1.5$ naphthenlc acid, 2$ of 40$ NaOH) gave en- 
couraging preliminary test results but vas not completely 
evaluated. 

At the request of CVS, an attempt vas made to reduce 
the methacrylate requirements of the IM-1 formula. Based on 
laboratory data, four formulas vere suggested by this group. 
Tvo of these formulas and a modification of a third vere then 
prepared and assessed in static firing tests at Edgevood 
Arsenal. The composition of the gels tested and the "fire 
index" obtained are listed in Table 7• The 1429 formula vas 
considered at least equivalent to the IM-1 gel and vas standard- 
ized as the IM-4 gel. Gel 1429A containing only 2.5$ polymer 
appeared unstable and gave excessive scatter. 

D. Frangible Grenade Tests by Chemical Varfare Service 

Initial production of frangible grenades used as the 
incendiary material, gels based on the IM-1 formula in vhich 
polymer content vas varied betveen 2 and 5$. These did not 
prove stable in surveillance. On July 29« 1943, CVS requested 
a temporary formula for an immediate production program. Four 
?els known to be stable vere tested July 30, 1943 and tvo 
F-1416 and F-1457**) vere far superior to any previously ex- 
amined. Only a very limited gel strength is required 

• F-70 - 8$ NR polymer, 4.5$ rosin, 3$ of 40$ NaOH, 84.5$ 
gasoline. 

**F-l4l6 - 3$ AE polymer, 1$ stearic acid, 3$ naphthenic acid, 
3.1$ CaO, 2.3$ H20. 

F-1457 - 3$ AE polymer, 4.5$ stearic acid, 0.5$ naphthenic 
acid, 2.33$ of 27$NH40H. 
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in grenade fillings. The 
rapidly without excessive 

gels should 
flash. 

flov readily and burn 

Table 7 

Isobutyl Methacrylate Gels as i M-47 Fillings 

Pirin« Tests at Edoevood Arsenal 

Code IM-1 F-1429 F-1429A F-1431 

Composition 
AE Polymer 
Stearic Acid 
Naphthenlc Acid 
Lime 
Vater 
Gasoline 

5 
3 

2 
1.25 

88.75 

I 
4 

2.5 
86.5 

■1 
4 

87.0 

3 
3 
1 

3.5 
«2-2 

87.3 

Impact Strength 
C Units 14.8 9.8 9.4 

"Fire Index1' 8-9 11 16 6 

A formulation study was undertaken to improve F-1416 
type mixtures. To determine the physical properties in a gel 
which will give optimum results, a series of eight gels were 
forwarded for appraisal. The composition of these gels and 
the results of the test are shown in appended Table 21. These 
data indicate that a suitable methacrylate gel must have a 
Modified Stornier viscosity of 40 to 200 R.P.M./800 g. and a 
Gardner Nobllometer value of 20 to 200 g./1.5 minutes/10 cm. 
Thicker gels did not spread and tended to roll off the target 
while thinner gels scattered badly. 

The soap-fortified methacrylate gels which were 
sufficiently fluid for use as grenade fillings were too 
viscous at -40°F. Gasoline solutions thickened with Vistanex, 
synthetic rubber or with Napalm are superior on this basis. 

%  «I 
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VII. Development of Specific Formulas for Plant Manufacture 

Before a gel formula which appeared satisfactory In 
firing tests could be accepted for standardization, it was 
necessary to outline suitable methods of manufacture and to 
develop means of plant control. Part  or all of this work was 
accomplished on four gel formulas. 

A. F-241 (IM-2) Gels 

The requirements for production of good quality 
F-241 gel and methods of assessing gel quality were studied 
In detail. This work formed the basis for subsequent work on 
other formulas. The specifications on ingredients were based 
on data obtained with the assistance of the Technical Division 
of the Chemical Warfare Service and the Standard Oil Development 
Company. The development of control tests and the technique 
of continuous manufacture were accomplished in this laboratory. 

1. Tolerance in Composition 

The Chemical Warfare Service suggested that plant 
production of F-241 gels be allowed the following tolerances 
in concentration of ingredients: 

5.0* + 0.2* NR Polymer 
2.5£ ± 0.3£ Stearlc Acid 
2.5£ + 0.3£ Naphthenic Acid 
3.00 + 0.1* of 40* NaOH 

87.0* + 0.5* gasoline 

A series of gels were prepared in which the minimum 
allowable concentration of solid ingredients was combined with 
the maximum allowable quantity of gasoline, and vice versa. 
The parallel plate values of these gels differed by only 0.3 
cm. and there was no apparent change In gel quality. It was 
concluded that the recommended composition limits were 
reasonable. 

2. Quality of Ingredients 

F-241 gels containing various grades of stearlc acid 
were prepared in both Blue Sunoco and Esso Winter Base gasoline. 
Surveillance tests Indicated that low temperature syneresis 
was excessive if the stearlc acid had a high iodine number (a 
measure of unsaturation). The gels containing Hydrofol 51 ex- 
hibited exceptional stability, while the gel containing triple 
pressed stearlc acid was the least stable at -40°F. (Table 0). 
This same phenomenon was observed in a series of F-107 gels. 
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Table 8 

Stability of F-241 Gels - 
Stearic Acid Requirements 

Grade 

Stearic Acid 
Iodine 

No- 

% Syneresis After 

Rydrofol 46 
51 

300 
305 
400 
405 

Snodette 
Triple Pressed 

201.5 25.9 
199.0 6.0 max. 
199.8 25.5 
202.2 6.3 
202.8 15.0 
202.0 3.8 
196.0 2.2 

14.4 
0.8 

14.4 
6.4 

3.8 
1.2 

14.6 

40 
2 
0 
3 
2 
3 

The use of Hydrofol acids of high iodine value consistently 
resulted in less stable gels (cf. Hydrofols 300 and 305, 400 
and 405« 46 and 51 - Table 8). The physical properties of a 
series of gels containing several brands of stearic acid which 
were considered for plant use were determined. Of six samples 
tested, only one, Neo-Fat I-65, caused any marked variation 
In consistency (parallel plate 12.0 cm.. Modified Stormer 270 
R.P.M./700 g.); the other five, including Hydrofol 51» Hardesty 
beads and single-, double- and triple-pressed stearic acid, 
gave comparable results (parallel plate values 10.4 to 11.1 
cm., Stormer viscosity 5-61 R.P.M./700 g.). All the gels 
appeared satisfactory in drop tests. It was suggested that 
the Federal Specification on stearic acid (U.S.A. #50-11-47) 
be supplemented by a requirement that the iodine value should 
not exceed 8. This was incorporated in CVS Specification 
196-131-123. Hydrofol 51 was suggested as the preferred ma- 
terial . 

Variations in quality of naphthenic acid have a very 
large effect on the consistency of F-241 gels (Table 9),. As 
might be expected, very impure naphthenic acid, such as Standard 
Oil of California acid #30669R (acid number 100) gives a fluid 
gel which is entirely unsatisfactory. Standard 011 Company 
of California acids V, "D'\ Naphthones "E" and "AA", and 
Shell "A" are on the borderline of acceptability while all 
other acids tested appear to be satisfactory. Nuodex #240 
which was used as a standard, was one of the best for use in 
the F-241 formula. The above conclusions were borne out by 
qualitative examination o£ a similar series of gels prepared 
in Blue Sunoco rather than Esso Winter Base gasoline. These 
data and samples of the various naphthenic acids tested were 
forwarded to CWS for examination. Based on their analyses of 
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Oel 
No. 
fc- 

1156 
1120 
1123 
1122 
1157 
1163 
1164 
1159 
1158 
1121 
1101 
1103 
1124 
1104 
1125 
1162 
1160 
1109 
1161 

Table g 

F-241 Gels 

Dependence of Consistency on Naphthenlc Acid Quality 

Naphthenlc Acid 

Grade 

S.0.Cal.»30669R 
S.0.Cal.«"C" 29527R 
Shell "A" 
S.0.Cal.*"D" 21065R 

Calc. % 
Unaaponi- 
flable 

S .0.Cal.*NaphthoneHEM 

S.0.Cal.«Naphthone"AA" 
S.O.Cal.*1^11 29527R 
Shell "A" 
S.O.Cal.* "CC" 
Harahaw "Proceaaed" 
Stanco     " 
Union Oil Co."Refined" 
Nuodex #240 

Union Oil Co."Refined" 
Nuodex #240 
Std.Oil La."Rectified" 

42.5 
9.0 
10.5 
20.8 
20.8 
5.0 
0.7 
9.0 

10.5 

7.0 
7.0 
6.5 
5.5 
5.5 

1:1 

Acid 
No. 

100 

Propertied of 
F-241 Gel 

Parallel 
Plate    
Value  R.P.M. 
(on-)  700 g 

Stormer 
Viscosities 

14.0 
200 15 -Z 12.8 237 
160 12.3 
160 11.9 
214 11.9 
274 11.7 
200 11.6 
237 11.5 
- 10.8 

241 10.8 
256 10.7 
232 10.4 
233 10.4 
233 10.4 
233 10.3 
232 10.2 
233 9-2 242 9.8 

550 

,39 420 

40 

R.P.I 
1400 g. 

870 

720 
420 
210 
450 
150 

6 

5 
200 
175 

180 

Note: »S.O.Cal. - Standard Oil Company of California. 
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the naphthenic acids, the acceptability of the acids is some- 
what in line with the "calculated % unsaponifiable", a value 
obtained from the acid numbers of the original acid and the 
separated saponfiable acid. Acids containing in excess of 10$ 
calculated unsaponifiable matter yield gels of poor quality. 
For acids of the same acid number, there is an apparent 
relation between calculated unsaponifiable and parallel plate 
values. The optimum range of acid numbers appears to be 250 
to 245. Despite its satisfactory acid number (237), Shell "A" 
naphthenic acid is properly eliminated on the basis of its 
high per cent calculated unsaponifiable matter. The modified 
Stormer test follows closely the apparent stiffness of the F- 
241 gels made with various naphthenic acids, but is not always 
exactly in line with parallel plate values. A combination of 
these tests might be valuable. Due to the uncertainties in 
specifying naphthenic acid by laboratory analysis alone, a test 
of the acid by preparation of an F-241 gel was included in CVS 
Specification 196-131-104. Such a test on Harshaw "rectified11 

naphthenic acid proved it less suitable than other available 
naphthenic acids. This was confirmed in static firing tests 
where scatter was excessive. Sodium hydroxide meeting Federal 
Specification P-S631 appeared satisfactory for use in F-241 
gels. 

Formulation studies indicated that sodium carbonate 
did not cause gelation of soap-forming acids-polymer-gasoline 
mixtures. When sodium carbonate was mixed with the hydroxide 
it behaved as an inert. Since the presence of carbonate in the 
hydroxide would reduce the effective concentration of caustic 
solution It was suggested that the limit of 5% carbonate allowed 
in Federal Specification P-S531 be maintained. 

Attempts to develop specification tests for NR polymer 
based on the viscosity of cyclohexane, gasoline, or xylene 
solutions or on the effect of caustic upon such solutions were 
unsuccessful. There was no clear relation between the viscosity 
of polymer solutions and the gel forming ability of the polymers. 
When gasoline solutions of NR (or AE) polymer are treated with 
aqueous caustic, a weak gel structure is formed. Attempts to 
measure the viscosity of these soap-free gels failed because 
(1) the viscosity differences were small, (2) the measurements 
did not appear reproducible, (3) the gels tend to stratify, 
and (4) the gels tend to work-harden during any such measure- 
ment. The acceptability of a polymer sample was therefore 
judged by examining an F-241 gel prepared from it. To facili- 
tate manufacture, it also appeared desirable to require the 
polymer to be sufficiently soluble to allow complete solution 
in gasoline within 1/2 hour. MR polymer quality is fixed by 
CWS Specification 196-131-119. 
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To study the gasoline requirements of F-241 gels, 
samples of 23 commercial motor fuels were procured and tested 
as gel Ingredients. Low temperature syneresls of these gels 
varied between 0 and 8$. Two gasolines gave exceptionally 
soft gels and five gasolines yielded friable F-241 gels. 
Samples of these gasolines were analyzed by the Standard Oil 
Development Company. Based on these results and their observa- 
tions on gels prepared In many additional hydrocarbon fractions 
they concluded that both gel consistency and stability can be 
correlated with gasoline aniline point. They proposed as 
specification limits an aniline point between 90 and 105°F. 
and an octane number greater than 80. An additional specifi- 
cation on the "acid heat value" was considered relevant but 
unnecessary. 

3- Control Tests 

A series of F-241 gels of varying consistency were 
prepared by altering quality of Ingredients and by slight 
modifications In per cent composition. The gels were tested In 
M-69 static firing tests by the Standard Oil Development Company. 
Comparison of the physical properties of these gels Indicates that 
the parallel plate measurement Is most nearly In line with 
firing characteristics (Table 10). The gel with the highest 
parallel plate value (12.9), F-537# was on the borderline of 
acceptability. With this gel an aging period of two weeks was 
required to prevent excessive scatter. The gel with the lowest 
parallel plate value (8.3 cm.) did not spread out and did not 
adhere to the target. On the basis of these tests the parallel 
plate measurement was suggested as a simple control test and the 
specification limits proposed for consideration were 9 to 13 cm. 
As shown by gel F-579» the Stornier viscosity does not necessarily 
follow the order of the parallel plate measurements. This gel 
was thin but tough. Its firing properties were only determined 
at -40°C. and at this temperature was typical of standard F-241 
gels. 

4. Pilot Plant Manufacture 

A large number of batches of F-241 gel were prepared 
without Incident In the continuous unit described In Section 
rV-B. Capacity tests Indicated that this unit could produce 
10 pounds of gel per minute and that the product was uniform 
and of high quality. The product was discharged from the mixing 
pump under slight pressure and could be loaded directly Into 
munitions. The continuous type of mixing rapidly disperses the 
caustic solution throughout the gasoline phase and yields a 
slightly tougher gel than Is obtained by the more time-consuming 
batchwlse process. F-241 gel was produced In this unit to fill 
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Table 10 

F-2ltlGels: Behavior in M-69 Static Firing Tests 

of 
Gel 

Code Days 

Firing 

No. 
Bombs 
Fired 

. Test Results 

Average % Gel 
Adhering  In 

to   Target 
Target  Area 

Physical Properties of Gel 21«. Hrs, 
^      r Mobil-      

ometer 
Parallel Stormer Value    Extensi- 
Plate  Viscosit,. >/10 cm./ bilit; 
(cm.)  RH7700». 100 sec.  Inches 

> After Preparation 

AST»         ires' 
Pene-   Ad-   of 
trometer he8ion Smear 
cm.xlO2  £  Sq.Ina» 

F-537  3 2 20    1*0 12.9 Ä fc.5 575 100 250 

16 2 79   * • 

F-2501 10 2 60   100 12.2 17 590 2.5 330 100 175 

F-2502 10 1 90   95 11.1 13 fcl|0 0.75 316 100 315 
* 

F-579 k 1 0»   100» 104 53 500 1.25 350 60 315 V 
F-2503 10 2 99  100 10.3 3 2700 14.0 352 100 200 

F-2501* 10 2 ?o   99 8.3 0J1 50.0 3*10 0 - 

F-2fcl Formula: 5.0? NR »rade Isobutyl Methacrylate Polymer 
2.5? Naphthenic Acid 
2.5,3 Stearic Acid 
3.0JS of W NaOH 

87.0JS Gasoline 

«Fired at -J|0°F. 
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experimental M-47 and M-69 tombs. Operation of the unit was 
demonstrated September 16, 1942 to representatives of three 
companies which had received CVS contracts to load M-69 bombs 
on a large scale. The unit was then circulated to these 
organizations for further test. 

B. F-614 (IM-3) Gels 

Representatives of CVS and NDRC at the fuel review at 
Bayway, N. J., November 19-21, 1942, rated the performance of 
the F-614 formula (2$ AE polymer, Z>%  stearic acid, 3$ naphthenic 
acid) as equal to that of the F-241 formula (in production at 
that time). Since use of the newer formula would allow a 60$ 
saving in methacrylate polymer, a pilot plant study of the new 
formula was requested. The original sample of F-614 gel con- 
tained 3*6$ of 40$ NaOH. Some batches of this composition and 
in particular an experimental batch produced in one of the M-69 
loading plants under CVS contract exhibited syneresis during 
storage. Vhen the formula was revised to include 4.5$ of 40$ 
NaOH, stable gels resulted. Laboratory gels were prepared to 
study variations in gel composition and effect of gasoline 
quality. Twenty-two batches of continuously mixed gels were 
then prepared in the pilot plant unit and submitted for static 
firing tests to study quality of ingredients. 

Laboratory F-6l4 gels were prepared in Purol gasolines 
of 112° and 104°F. aniline point and in Esso Base gasoline by 
addition of 15, 25, 35, 40 and 50$ aqueous caustic solutions 
in amounts such that the NaOH content of the gel was equivalent 
to that resulting from the use of 3.6, 4.0, 4.5, 5.0 and 6.0$ 
of 40$ NaOH. The free caustic content of each of these gels 
was determined and the gel discarded and re-prepared if the 
analytical value differed from the theoretical value by more 
than 0.05$ NaOH. The gels containing 15 and 25$ caustic solu- 
tions were all friable and broke down in surveillance. The 
gels containing 50$ aqueous caustic all appeared fluid and 
somewhat elastic. The gels with the highest impact strengths 
and lowest Stornier viscosity values contained 4.5$ of 40$ 
caustic. These values were nearly met by gels prepared from 
3.6$ of 50$ NaOH or 5.0$ of 35$ NaOH. The series of gels con- 
taining 40$ aqueous caustic had physical properties that were 
the least sensitive to variations in composition. Even in 
gasoline of 112 aniline point, the use of 4.5$ of 40$ caustic 
yielded stable gels. No syneresis was observed during storage 
at -40°F. At 125°F. the gel softened and in a one month period 
a fluid phase representing approximately 5$ of the total 
separated. Vhen the gel was cooled to room temperature, the 
fluid phase was reabsorbed. In the above series of gels the 
parallel plate and impact strength values of gels of the same 
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lmproves low temperature gel properties. When fired at -40°C. 
the five gels prepared in Purol 98° A.P. gasoline exhibited 
from 1 to 22# scatter with an average value of 16#, while the 
percentage scatter for ten gels prepared in Purol 112° A.P. 
gasoline varied between 14 and 85 and averaged 47#. When 
fired at 70°F. the adhesion of Purol 112° A.P. gasoline- 
containing gels was slightly superior to that of gels prepared 
in Purol §8* A.P. gasoline. 

For gels containing 40$& caustic solution, the optimum 
target adhesion was observed when 4.5£ of the base was present 
In the gel. The gel giving greatest adhesion and the least 
scatter at ordinary temperatures contained 6£ of 35# NaOH as 
the gelling agent. One gel containing only 5%  soap-forming 
acids gave excessive scatter in firing tests even one month 
after preparation. 

The range of physical properties of gels with satis- 
factory firing characteristics is given In Table 11. There 
was excellent agreement between the measurements on pilot plant 
samples and their duplicates prepared batchwlse in the laboratory 
from identical Ingredients. Only two physical measurements, 
parallel plate value and impact strength, appear significant. 

Table 11 

Inspection of Continuously Mixed and Laboratory F-614 
Gels Rated Acceptable in M-69 Static Firing Tests 

Physical 
Measurement 

Parallel Plate, 
(cm.) 

Impact Strength 
B Scale Units 

 Range of Observed Values  
Continuously Mixed 
 Samples  Laboratory Duplicates 

At Day At Day 
at 24 Hrs. of Firing at 24 Hrs. of Firing 

8.3-11.3   8.1-11.2  8.4-12.8(x) 7.9-10.8 

4.2- 8.8 

Extensibility(in.)0.25-6.0 

4.4- 7.9<2b.4- 8.2 

1.0- 8.6 

5.7-8.6 

(1) Only one gel containing NR polymer had this high parallel 
plate value. The next highest value was 10.8 cm. 

(2) The unsatisfactory Interpolymer gels gave values of 9.4 
and 10.3. 
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oompositlon but In different gasolines did not vary beyond the 
accuracy of measurement. 

F-614 gels were prepared at five temperatures be- 
tween 10° and 50*C. Twenty-four hours after preparation the 
parallel plate values of these gels Increased regularly (9.2- 
11.3 cm.) with gelling temperature. A low gelation temperature 
led to an Initially tougher, stiffer gel with a slightly higher 
than normal free caustic content. After aging two weeks all 
gels approached a common consistency. The samples gelled at 
the higher temperatures exhibit the greater changes In parallel 
plate values with time. There was no significant change In 
physical properties during the period two weeks to two months 
after preparation. 

The data on preparation of F-614 gels In the con- 
tinuous unit are summarized In appended Table 22. The nature or 
concentration of the following gel components were all varied: 
polymer, gasoline, organic acids and caustic solution. Twenty- 
two of these gels were evaluated In static firing tests at 
-40°F. and 70*F. The physical properties of the gels were de- 
termined both 24 hours after preparation and at the time of 
static firing tests. Gels of similar composition were prepared 
batchwlse In the laboratory and tested In a similar manner. 
The data on performance tests and pertinent physical measure- 
ments are given In Table 23. 

Despite variations In caustic content and gasoline 
quality, all gels prepared from AE polymer and from NR polymer 
were rated satisfactory In firing behavior at room temperature. 
Gels prepared from Interpolymers were lacking In adhesion. 

The major factor determining minimum gel strength 
Is apparently age at the time of test. When four gels were 
tested at room temperature 9 to 14 days after preparation, the 
amount of the gel which scattered from the vertical target varied 
between 15# and 40#. Save for a gel containing lnterpolymer 
which was so stiff that It "bounced" and a gel containing only 
5%  soaps, all gels fired 15 days or more after preparation gave 
leas than 10£ scatter at 70°F. One of the gels that had been 
tested when 14 days old was again fired when 31 days old; 
scatter from the target decreased from 37# to 8#. Examination 
of F-614 gels after five months' storage Indicates that aging 
after the first three weeks period does not effect an Increase 
In gel stiffness. 

The firing test data Indicate the use of Purol gasoline 
of 98°F. aniline point (A.P.) Instead of Purol 112° A.P. gasollnef 
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The extent of scatter from the target could be directly corre- 
lated with the Impact strength. Gels which exhibited more than 
10$ scatter from the target had Impact strengths of less than 5 
B scale units. Two fluid adhesive gels prepared from NR polymer 
had Impact strengths of 5*0 and 4.2 B units and gave only 6 and 
2£ scatter respectively. All other gels of vhlch at least 90£ 
remained In the target area had Impact strengths In the range of 
5 to 9 B scale units. Two gels containing lnterpolymer bounced 
from the target. They were distinguished from satisfactory gels 
by their high Impact strengths but were comparable In parallel 
plate value to the good gels. The parallel plate value of the 
gel when 24 hours old gave a satisfactory estimate of the strength 
of aged AE polymer gels. There was also a correlation between 
parallel plate value and adhesion to the target. The F-614 gels 
which showed the greatest adhesion to the target (60-90£) had 
parallel plate values In the range of 9*0-10.0 cm. The above 
data were presented to the Technical Division of CVS with the 
suggestion that parallel plate specifications on F 6l4 gels be 
set at 7.5-H.5 cm. 

Eighty M-69 bombs were filled with continuously mixed 
F-614 gels to be used in open field Ignition tests at -40° and 
70°F. by the Standard Oil Development Company. The Ignition 
observed (detailed data shown at the bottom of Table 23) was 
955b which equals the performance of F-241 gels in the same 
munition with the same ejection and ignition charge. 

Surveillance tests on the continuously mixed gels were 
not conclusive due to failure of the temperature control equip- 
ment in the 125°F. bath. Despite exposure to temperatures 
above 125°F., the average syneresis after one month was 10£. 
This was the maximum value for gels containing AE polymer and 
4.55t of 4o£ NaOH. These same gels upon cooling to room tempera- 
ture showed about 2%  separation after 2 hours. All 20 gels 
tested showed absolutely no syneresis after one month at -40°C. 
After the 125°F. bath had been repaired, 15 samples of F-614 
gels were placed In surveillance. Separation after one month 
varied between 6 and 1#. An Increase in polymer content Increased 
stability but an Increase In the stearlc acid content was without 
effect. Upon cooling to room temperature the separated fraction 
in each mixture gelled completely. Batches of F-6l4 gel produced 
under CWS contract In a commercial loading plant were found in 
this laboratory to give 0 to 10# syneresis after one month at 
125°F. The syneretlc material was reabsorbed when the gels were 
cooled to room temperature. 

Four runs each containing six states (FC-J4 to 59, see 
Table 22) were made In the continuous pilot plant unit to study 
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the effect of mixing speed. In each run the speed of the 
centrifugal mixing pump vas varied in six steps between 165 
and 1725 R.P.M. When F-614 gels of specified composition 
were prepared, a soft homogeneous gel whose physical properties 
were nearly independent of mixing speed resulted. Differences 
in impact strengths and parallel plate values tended to level 
out over a two weeks aging period. There was a minimum mixing 
speed below which slightly weaker gels resulted, as measured 
one day after preparation. This speed was proportional to the 
rate of throughput. When the caustic concentration was alter- 
ed in a manner known to give stiff, friable gels, the above 
effects were more pronounced. Such a gel prepared at the 
fastest throughput rate (8 lbs./min.) and the slowest mixing 
speed (163 R.P.M.) contained a few tough areas poor in caustic. 
This was the only case where mixing was insufficient to give 
a homogeneous gel. A safe mixing speed is that rate which 
gives the centrifugal pump a capacity one and a half times as 
great as that of the metering gear pumps. 

C. F-624 Gels 

Despite Its excellent incendiary characteristics, 
the F-624 gel was not chosen for use in the M-69 bomb due to 
lack of information on its stability and technique required in 
its manufacture. Since the six F-624 gels subsequently placed 
in surveillance all showed less than 1%  syneresis after one 
month at either -40° or 125°F., and since there was no change 
in physical properties of the gels over this period, it seemed 
desirable to study its production in a continuous unit. The 
only new problem involved was dispersion and pumping of alpha- 
cellulose fibers. 

Laboratory formulation studies prior to the incendiary 
evaluation had indicated that with proper dispersion 0.5# of 
alpha-cellulose in mixtures containing 0.1 interpolymer gave 
gels of optimum consistency. When 0.5 interpolymer was used 
as a thickening agent, the gels were tough, elastic and lacked 
adhesion in firing tests. With this interpolymer an alpha- 
cellulose content of 0.25# appeared optimum. The use of AE 
polymer gave gels which were lacking in strength. 

Gels for initial firing tests were prepared batchwlse. 
The mlcropulverized alpha-cellulose was added to the gasoline- 
acids stock solution and the mixture stirred 5 minutes. Polymer 
was then dissolved in the stock solution and the agitation in- 
creased to the maximum obtainable for 30 to 60 minutes before 
the gelling agent was added. If the resultant gel was weak it 
could be attributed to Insufficient agitation at this point. 
Three batches of gels were appraised in static firing tests. 
The average per cent gel in the target area was 95 for seven 
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shots at 77°F. and 94 for 4 shots at -40°F. Adhesion to the 
target was not as reproducible. Observed values varied be- 
tween 10 and 65$ while averaging 35#. 

In a study of continuous gelation of F-624 gels the 
dispersion of the alpha-cellulose In the stock solution was 
prepared In the manner described for batchwlse preparations. 
This stock solution could be pumped and recirculated through 
metering gear pumps without difficulty. When attempts were 
made to gel the mixture by addition of caustic In the regular 
centrifugal pump cotton fibers collected and eventually caused 
binding. Continuous gelation was feasible In a centrifugal 
mixing pump having an open type partial web Impeller and 
Internal clearances of more than 0.25 Inch. Because fluid 
passage ways were more constricted pumps having open type 
full web Impellers tended to plug. 

At the request of the Standard Oil Development 
Company« 50 gallons of continuously mixed F-624 gel and 100 
M-69 cases filled with this gel were prepared and forwarded 
for surveillance, static firing and Ignition tests. Informa- 
tion on the results of these tests has not been reported to 
this laboratory. 

D. Lime Gels 
—^—  ■ ii ■ 1 

The IM-1 formula was developed by the CVS for use 
In the M-47 bomb. At their request, a study of continuous 
mixing of lime gels was undertaken. This work paralleled 
a formulation study of lime gels In an attempt to reduce the 
polymer content of the IM-1 formula. For this reason the gel 
chosen for study In the continuous unit was neither the IM-1 
nor the IM-4 gel but rather the F-1431* formula which was 
proposed for simultaneous consideration with the F-1429 (IM-4) 
gel. The results on this gel Indicate that by existing 
techniques the continuous preparation of lime gels Is Im- 
practical . 

The continuous method of gelation used to prepare 
caustic gels requires modification for use In lime gel manu- 
facture since an aqueous lime slurry that can be pumped would 
contain prohibitive amounts of water. Two techniques: (a) 
adding water to a polymer-acid-slaked lime mixture and (b) 
adding a slurry of lime In gasoline to a modified stock solu- 
tion, were studied. The first method resulted In breakdown 
of gel structure and production of viscous fluids. An 

*F-l431: yf> AE polymer, yf>  stearlc acid, 1% naphthenlc acid, 
3.5$ CaO, 2.2# H20. 
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lnhomogeneous mixture of strings of gel suspended In a menstruum 
of thickened gasoline was obtained If rotation of the centrifugal 
mixing pump were stopped. When the stock solution was run 
through the gear pump and the centrifugal pump of the continuous 
unit without simultaneous water addition, there was a marked 
decrease In Its viscosity. Recovery from the action of the 
centrifugal pump was not complete In 24 hours. A laboratory 
study of settling rates Indicated slaked lime could be slurrled 
In gasoline If the Ca(0H)2 content was at least 25#. The 
settling rate of the slurry was not altered by the presence of 
AE polymer but was reduced by the addition of 2# stearlc acid. 
The viscosity of this slurry Increased from 675 to 1100 poises 
during the first Ü5 hours after preparation, but remained 
constant thereafter. Attempts to prepare 1-1431 gels by 
metering In 1 part of this slurry to 5.25 parts of a stock 
solution were made by replacing the small Zenith gear pump used 
with caustic solutions with a larger Zenith gear pump and 
finally a Gould wide clearance gear pump. Compositions of 
the slurry stock solution and gel follow: 

Composition (wt. %) 
Slurry Stock Sol. gel 

AE Polymer 
Naphthenlc Acid 
Stearlc Acid 
Ca(0H)2 
H20 
Gasoline 98° A.P. 

2 

67 

5-5Z 1.18 
4.25 

91.0 

3.0 
1.0 
4.0 
4.0 
1.0 

87.0 

As the speed of the centrifugal mixing pump was Increased from 
165 R.P.M. to 1725 R.r.M., the resultant gels became weaker 
and more fluid. Impact strengths decreased from 14 to 10 C 
units and the parallel plate values rose from 7.6 to 6.6 cm. 
The characteristics of this lime slurry, however, do not permit 
pumping at a constant rate with a gear pump. The large Zenith 
pump clogged Immediately. The high lime content caused such 
severe abrasion of the Gould pump that It needed reconditioning 
every 10-12 hours of operation. Lime also tends to settle out 
and to plug the pipes. The use of a less abrasive less con- 
centrated slurry would Increase sedimentation. The consistency 
of continuously mixed F-1431 gels Is not superior to that of 
material prepared batchwlse. The preparation of lime gels 
by existing continuous techniques Is therefore not recommended. 
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VIII. Methacrylate Substitutes 

In a search for gasoline thickening agents other 
than polymers of methacrylic esters from isobutanol or higher 
alcohols, a formulation study of other commercial resins was 
undertaken. Modification of these resins and preparation of 
polymers not now In commercial production were Investigated. 
A few attempts were made to prepare polymer-free gasoline gels. 

A. Commercially Available Polymers 

To be an acceptable substitute for methacrylates as 
gasoline vlscollzlng agents, a candidate resin should either be 
more readily available or yield superior gels. The original 
thickening agent, natural rubber, at this time cannot be 
procured for this purpose. The supply of the best synthetic 
rubbers, such as the Buna S type, was also considered critical. 
A search for gasoline-soluble polymers other than methacrylates 
revealed only the polyvlnyl ethers, Vistanex (polylsobutylene), 
and the rubber substitutes derived from vegetable oils. Only 
polyvlnyl ether resins proved satisfactory In formulation 
studies. The use of a co-solvent to solubilize polymers in 
gasoline was studied with especial emphasis on ethyl cellulose. 
Other techniques attempted Include polymerization in gasoline 
solution and the preparation of water-ln-gasoline polymer 
emulsions. 

1. Polyvlnyl Ethers 

Polyvlnyl ethers stated to be In pilot-plant produc- 
tion by the General Aniline and Film Corporation offer promise 
as methacrylate substitutes. Three laboratory and one semi- 
works prepared samples of this type polymer were received from 
.the above organization. The samples were coded RE-302-D-29, 
RE-302-D-20, RE-412-D-100, and RE-302-D-19 (Semi-Works). 
Their exact composition was not revealed but they were reported 
to have intrinsic viscosities of 29, 20, 100, and 19, respective- 
ly. The sample coded RE-412-D-100, however, gave less viscous 
gasoline solutions and weaker soap-fortified gels than did the 
other three which were nearly equivalent. Its properties were 
therefore not considered further. 

Due to the estimated moderate quantities of this ma- 
terial immediately available, it seemed desirable to place 
major research emphasis on its use as a thickener for flame 
thrower fuels rather than for incendiary fillings. The former 
objective Involved a study of approximately 5$ solutions in 
gasoline. Based on the data to be described, a 5# solution of 
RE-302-D-19 In gasoline, coded F-1951, was submitted to the 
Technical Division of the Engineering Department of E. I. duPont 
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de Nemours & Company for test In 1/8" unlgnlted jet experiments. 
Their results are reported In their Monthly Report to NDRC 
(Contract OEMsr-606) for the period ending November 15, 1943. 
Further tests are planned or are In progress by other organiza- 
tions. The preparation of Incendiary fillings was studied In a 
preliminary manner by formulating soap-fortified gels. 

Ten per cent of the RE-302 type polyvinyl ethers 
dissolved In gasoline to give strong elastic gels. A reduction 
In polymer content results first in a weaker gel and ultimately 
In a viscous thlxotropic solution. The viscosity of polymer 
solutions In gasoline Is quite sensitive to concentration but 
Is little affected by temperature changes. Surveillance tests 
of these solutions (5 and 10#) indicate no syneresls tendency 
at -40° or 125°F. The room temperature viscosity of a 5# 
solution was unchanged after the material had been held at 
140°F. for one week. To determine polymer stability at elevated 
temperatures, Vf>  cyclohexane solutions of two of the samples 
were stored at 150°F. for four weeks. The viscosity of one 
(RE-302-D-20) showed substantially no decrease while the 
viscosity of the other (RE-302-D-29) decreased approximately 
5Q£. Polymer degradation would be anticipated only if the 
acidic polymerization catalyst was not effectively removed. 

A study of the viscosities and burning rates of poly- 
vinyl ether RE-302-D-19-gasoline solutions and of Napalm- 
gasoline solutions was made as a basis for comparing the two 
types of mixtures as flame thrower fluids. The results are 
given in Table 12. It was observed that the Napalm solutions 
attained their maximum burning rate very shortly after ignition, 
whereas the polyvinyl ether solutions did not attain maximum 
burning rate until approximately 20 seconds after Ignition. 
The Napalm solutions are nearly completely burned after 2 out 
of the total 3 to 3.5 minutes required for complete combustion, 
while the polyvinyl ether solutions burn at a fairly constant 
rate up until the last half minute. This suggests that with 
polyvinyl ether solutions less of the fuel will be consumed 
before reaching the target than with Napalm solutions. Based 
on the viscosity determinations given in Table 12, the maximum 
concentration of polyvinyl ether proposed for initial tests in 
flame thrower fuels is 5%. 

The samples of RE-302 polyvinyl ether were assessed 
as thickeners by substitution for methacrylate polymer in the 
F-241, F-107 and F-614 formulas (5, 3, and 2# polymer, respective- 
ly, 2.5-3*0£ stearlc and naphthenlc acids). Both the F-241 and 
F-107 formulas give gels which resemble their methacrylate 
prototypes In strength and stiffness but heal and flow more 
readily. The F-241 type gel prepared with the semi-works sample 
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of polymer had a parallel plate value of 11.8 cm. and an impact 
strength of 5.7 C units. These properties are in the optimum 
range for M-69 incendiary fillings. The F-614 type gels made 
with these resins are too fluid to be of interest. In all 
formulas the three polyvinyl ether samples which differ in 
intrinsic viscosity give similar results. The F-241 and F-107 
t>pe gels gave no evidence of syneresis: in -40° and 125°F. 
surveillance tests. Both appear to be excellent incendiary 
fillings. 

Table 12 

Polyvinyl Ether and Napalm Solutions in Gasoline 

Comparison of Consistencies and Burning Rates 

Composition 

%   V 
40 RE-302-D-19* 

Modified 
Stornier 
Viscosity 

R.P.M./800 g. 

769 
455 
425 
400 

480 
400 
300 
160 

Gardner Burning 
Mobllometer Times 
Viscosity Method 

g./lO cm./l.5 mln.  A. mln. 

20*» 2.7 
48«« 3.0 

117 3.3 
249 3.4 

59 3.8 
96 4.1 
165 5.1 
220 5.7 

* RE-302-D-19 - A polyvinyl ether prepared by General 
Aniline and Film Corp. 

*• Extrapolated values. 

The polyvinyl ether samples all swell in turpentine. 
When used in 5P concentration RE-302-D-29 gave a strong gel 
structure. 

2. Vistanex and other Synthetic Rubbers 

The viscosity of 8£ smoked sheet rubber in gasoline 
gels may be obtained with Vistanex (polyisobutylene produced 
by the Standard Oil Company of New Jersey and marketed by 
Advance Solvents and Chemical Company) solutions but concentra- 
tions of 30-6o£ are required. Twelve Vistanex soap gels con- 
taining 2-6£ Vistanex (140,000) with combinations of stearic, 
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olelc, naphthenlc and rosin acids were prepared, 
weak and Inelastic. 

They vere all 

To Introduce functional groups capable of reacting 
vlth caustic, a sample of Vlstanex was sulfonated by treatment 
vlth oleum. The product was charred and darkened on standing. 
Gasoline solutions of the sulfonated product shoved only a 
very slight gel structure when treated vlth caustic. The use 
of the sulfonated Vlstanex In place of AE polymer In the F-614 
gel gave a very veak, friable gel. 

Attempts to cross-link Vlstanex In solution vlth di- 
Isocyanates or vlth sulfur In the presence of accelerators and 
zinc oxide at 50°C. and 90°C. did not cause thickening of the 
polymer solutions. Similar reactions on 0.3 lnterpolymer vere 
also unsuccessful. The Introduction of functional groups Into 
Vlstanex either during or after polymerization varrants further 
study. 

Several polyesters of ethylene glycol vlth dlmerlzed 
linseed and soybean oil acids (Kempol 11, Norepol and precured 
Norepol, the latter tvo supplied by the Northern Regional Re- 
search Laboratory of the U. S. Department of Agriculture) vere 
evaluated as possible polymer substitutes. Addition of caustic 
to gasoline solutions containing 10# of either Kempol 11 or 
Norepol resulted In no gelation. Addition of either yf>  each 
of stearlc and naphthenlc acids or of 2%  each of vood rosin, 
stearlc acid, and naphthenlc acid before gelation produced 
typical polymer-free soap gels—stiff, friable, veak, and tend- 
ing to synerlze at room temperature. Precured Norepol vas In- 
soluble both In gasoline and In a gasoline (80 parts by velght)- 
benzsne (10 parts by velght) mixture. 

A resin of undisclosed composition labeled T-132 Resin 
Stanco Distributors - vas found to be completely soluble in 
toluene, very nearly completely soluble In turpentine and cyclo- 
hexane, and Insoluble but tending to svell strongly in gasoline. 
Five per cent solutions of the resin vere slightly more viscous 
than the pure solvent and upon shaking vork-hardened slightly. 
The addition of caustic caused strong gelation In toluene and 
turpentine solvents. Only a fev soap-fortified gels vere pre- 
pared and further vork appears justified if this resin is 
available. The resin could be dissolved in gasoline-toluene 
mixtures containing a minimum of 20f>  toluene; on gelation vlth 
caustic, hovever, only veak soap-type gels vere obtained. 

3. Ethyl Cellulose 

Considerable attention has been given to the incorpora- 
tion of commercial ethyl cellulose into incendiary fillings. 
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While this material is not soluble in gasoline, viscous solu- 
tions could be obtained by adding ethyl oellulose to gasoline* 
organic solvent mixtures. The minimum amounts of various 
auxiliary solvents required to solubilize the resins vere de- 
termined. Soap-fortified gels vere then prepared by addition 
of organic acids and aqueous caustic to the polymer solutions. 
The physical properties and surveillance characteristics of 
these gels vere determined and the four most promising gels 
underwent M-69 static firing tests. On the basis of these 
results it was concluded that without further modification 
ethyl cellulose does not impart sufficient strength to 
gasoline-soap gels to prevent excessive scattering in static 
firing tests and that the use of a water mlscible auxiliary 
solvent results in poor high temperature gel stability and 
an increased variation in gel consistency with temperature. 

a. Solubility Studies 

The minimum amount of various solvents required to 
dissolve ethyl cellulose in gasoline was determined by tumbling 
for at least 24 hours gasoline-resin mixtures with graduated 
amounts of the solvent in question. It was found that for 
each solvent the minimum solvent requirement increased at most 
by Vf>  when the resin concentration in the mixture was increased 
from 2 to 10#. Furthermore, for samples of ethyl cellulose 
graded by the manufacturer as "200, 100, and 20 centipoises" 
and "7 sees.", the grade of ethyl cellulose did not influence 
the minimum solvent requirements by more than 1$. The minimum 
amounts of solvent in Esso Base gasoline which will solubilize 
5% of 100 cps. ethyl cellulose are as follows: 

Solvent 
Minimum Minimum 
Required Solvent Reauired 

£ 95# Ethanol 23* 
b% Methyl Ethyl Ketone 26 
10 Benzol 35 
19 Methyl Propionate 36 
20 Xylol >50 
20 Turpentine »20 
22 Ethyl Ether »20 

n-Butanol 
iso-Propanol 
Methanol 
Ethyl Acetate 
Acetone 
i,n-Butyl Acetate 
Acetic Acid 

In general, the addition of naphthenlc acid reduced the 
auxiliary solvent requirement slightly. 

b. Gel Preparation 

Approximately 110 soap-fortified ethyl cellulose 
gels vere prepared and examined. Of these, 50 used acetone as 
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the auxiliary solvent, 40 contained low molecular weight 
alcohols (methanol to n-butanol), 10 were made In benzene- 
gasoline mixtures, and the remainder were made with miscellaneous 
solvents. These gels contained various combinations of the 
following organic acids: naphthenic, oleic, stearic, abietic, 
and Turkey Red Oil acids, and 40$ aqueous caustic normally in 
an amount equal to 15Q# of that required for neutralization of 
the organic acids. As judged by visual observation, the 
spatula test, and in some cases physical measurements, the 
most promising gel formulas are listed In Table 13. 

Table 13 

Ethyl Cellulose Gels 

2386  2344  2399  2369  2384 Gel No., F- 

Composltion, Wt. % 
Ethyl Cellulose 200 cps. 
Acetone 
Gasoline 
Hydrofol 51 
Naphthenic Acid 
Turkey Red Oil 
Oleic Acid 
40$ NaOH 
Isopropanol 
AE Polymer 

Surveillance 
% Syneresls After 
1 month at -40° 
1 month at 125°F. 

Static Firing Tests at 70°F. 
f> Adhesion 
f>  in Target Tea 

at -40°F. 
f> Adhesion 
% In Target Area 

5 5 
15 15 
71 73.2 
y.5 2 
• 2 
1.6 

3.7 

0.5 
0 

2.8 

1.0 
0 

5 
20 
65.7 
1 
1 

4 
3.3 

0.7 
40 

80 
2 
2 

3.5 
7.5 

60'3 

4 
20 
67.1 
2.5 
2.5 

2.9 

1 

53 
53 

40 
50 

40 
70 

el 

30 
35 

0 
60 

0 
6 

23 
50 

55 
55 

When the formula included less than the minimum 
amount of auxiliary solvent required for solution of the resin, 
weak, friable jellies resulted. As the auxiliary solvent con- 
tent was increased, the gels became softer and less friable. 
At the optimum solvent concentration stiff pastes resembling the 
F-241 gels were obtained. A large excess of organic solvent 
resulted in soft, weak creams. The minimum solvent concentration 
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that would produce non-friable, stiff pastes rather than friable 
jellies could be brought down to the minimum solvent concen- 
tration required for solubility as determined in the preceding 
section by proper adjustment of the caustic concentration. 
Thus by increasing the caustic content in Hydrofol-naphthenic 
acid gels from 2.3$ (50$ excess NaOH) to 3.3$, the minimum 
solvent that would result in good gels was reduced from 20 to 15$ 
in the case of acetone and from 40 to 10$ in the case of iso- 
propanol. The particular solvent used apparently Influenced 
stiffness and friability but not strength of the resulting gels. 
Methanol gave very friable gels which separated at room tem- 
perature . 

The samples of ethyl cellulose graded as 20 and 100 
cps. gave more friable gels than did the 200 cps. material. 
This latter grade was used in most gel studies. 

As fortifying agents the soaps of the following 
combinations of acids appear most promising: stearlc-naphthenic; 
oleic; oleic-naphthenic; and Turkey Red oil with either or both 
stearic and naphthenlc acid. Turkey Red oil and oleic acid 
both imparted unusual strength to ethyl cellulose gels. 

c. Surveillance Tests 

The stability and consistency of ethyl cellulose 
gels were observed after storage at -40°F. and +125°F, In 
general the consistency of these gels differed markedly at 
these temperature extremes, being quite stiff at low temperatures 
and soft at 125°F. The nature and concentration of the auxiliary 
solvent was a major factor in determining the surveillance 
characteristics of the gels. 

All ethyl cellulose gels containing an alcohol as an 
auxiliary solvent which were put in surveillance broke down 
rapidly at 125°F. to thin liquids. Alcohols tested Include 
methanol, isopropanol and n-butanol. Apparently at the high 
temperature alcohols completely dissolve resin and soaps into 
the gasoline phase. 

Gels containing benzene failed at low temperature 
due to separation and freezing of the benzene. 

While most acetone-ethyl cellulose gels have excellent 
low temperature properties, many of the 20 gels of this type 
tested were not stable at 1?5°F. The use of 200 cps. ethyl 
cellulose, a low caustic content and 15$ rather than 10 or 20$ 
acetone concentration all favor high temperature stability. 
Formulas F-2386 and 2344 (see Table 13) showed no separation or. 
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fluidity after one month at 125°F. The use of olelc acid In- 
f variably led to rapid breakdown of the gel at high temperatures. 

* d« Firing Tests 

•  " * As shown In Table 13, three ethyl cellulose gels 
containing no methacrylate polymer were evaluated In M-69 static 
firing tests. A good methacrylate gel would give at least 70# 
adhesion and 95# remaining In the target area at room tempera- 

| ture and low adhesion, but at least 90# in the target area at 
-40°F. It is readily seen that ethyl cellulose gels which gave 
from 30-60# scatter even at room temperature are considerably 
weaker than the methacrylate gels. A result of interest is 
the excellent adhesion even at low temperatures exhibited by 
gel F-2386 containing Turkey Red oil. This is rated the best 
ethyl cellulose gel tested. 

e. Ethyl Cellulose as a Methacrylate Extender 

Twelve gels were prepared containing both ethyl cellu- 
lose and 1$ isobutyl methacrylate polymer In an attempt to 
decrease methacrylate requirements for M-69 fillings below 2#. 
In strength and consistency the mixed polymer gels all re- 
sembled gels of a similar formula containing no ethyl cellulose. 
One such mixed polymer gel (F-2384, Table 13) gave very poor 
results in static firing tests. These data lend weight to the 
theorem that only resins which react with the gelling agent 
and thus bind the two-phase system will Increase the strength 
of gasoline-soap gels. 

f. Modification of Ethyl Cellulose 

Treatment of ethyl cellulose in dioxane at the boiling 
point with phthalic anhydride gave a polymer whose viscosity 
In an inert solvent (CHCI3) Increased markedly on addition of 
aqueous caustic (Table 14). When this resin was dissolved in 
an 80-20 gasoline-acetone mixture, the viscosity increase on 
addition of caustic was slight and less than that observed with 
untreated ethyl cellulose. It was also found that the presence 
of 20$ acetone in gasoline prevents gelation of caustic- 
isobutyl methacrylate-methacrylic acid interpolymer gels. 
These data indicate that water-misclble auxiliary solvents 
will Interfere with the phase relationships In gasoline mixtures 

• gelled with aqueous caustic. The decrease In viscosity of 
resin solutions caused by treatment with phthalic anhydride 
indicates that breakdown of the ethyl cellulose occurred. 
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Table 1» 

Modification of Ethyl Cellulose 
by Phthalio Anhydride 

5& Solution in CHCla 
Viscosity, Poises 
Viscosity when 1.2# of 

NaOH added, poises 
Viscosity Increase, % 

5S6 Solution in 29.5# Acetone- 
70*5% Esso Base 

Viscosity, poises 
Caustic Viscosity, poises 
Viscosity Increase, % 

100 cps. 
Ethyl 

Cellulose 

3.35 

10.0 
199 

0.85 
3.85 

353 

Ethyl Cellulose- 
Phthalic Anhydride 

Modified 

1.25 

6.0 
475 

<0.50 
2.10 

300 

In dilute gasoline solutions treatment of ethyl 
cellulose with S02C12 or POCla did not introduce polar groups 
effective In strengthening the gel structure. Only weak gels 
were obtained on reaction of caustic with a 5-20-75 ethyl 
oellulose-acetone-gasoline mixture which had been treated with 
S02C12 or with 5-20-2.5-2.5-70 ethyl cellulose-acetone-Turkey 
Red oil-stearic acid-gasoline mixtures which had been treated 
with SOeCl2 or POCI3. 

4. Miscellaneous Polymers 

Solubility measurements have been made on several 
representative types of polymers in gasoline and other avail* 
able hydrocarbon solvents. While no polymer not previously 
discussed showed sufficient solubility in gasoline to be used 
as a direct substitute for polyisobutyl methacrylate, some of 
the polymers could be solubilized by an auxiliary solvent. 
The viscosities of mixtures of polymer solutions were found to 
be the arithmetic mean, of the viscosities of each resin solu- 
tion alone. The use of solvents other than gasoline did not 
produce encouraging soap-fortified gels with the polymers 
under consideration. 

The effect of gasoline on representative polymers is 
shown In appended Table 24. In tests for suitable auxiliary 
solvents it was found that 35£ of lsopropanol or methanol would 
allow solution of 5$ Butacite (polyvinyl butyl acetal) in 
gasoline. Soap-fortified gels were prepared in isopropanol- 
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gasoline mixtures but they were friable and exhibited syneresls 
at room temperature. The solubilities of polyvlnyl acetate 
and polyvlnyl acetal In gasoline-solvent mixtures were deter- 
mined using the same group of solvents as was used with ethyl 
cellulose (See Section 3-a). No clear solution of either of 
these two vinyl polymers was obtained In gasoline mixtures 
containing 40p or less auxiliary solvent. 

To determine possible thickeners for petroleum 
fractions higher boiling than gasoline, the sollblllty of 7 
polymers was measured In four refinery still cuts (22-95# 
aromatlcs). As shown In Table 24, polylsobutylene was soluble 
In the four solvents while polystyrene swelled In three and 
was soluble In the most highly aromatic mixture. Ethyl cellu- 
lose swelled in all but gelled only In the most aromatic 
fraction. Napalm, Incidentally, swelled in these petroleum 
fractions to give gels more tacky and less friable than Its 
gasoline gel. The remaining polymers tested were Insoluble. 
At the request of the Permanenti Magnesium Company, the solu- 
bility of polymers In a Stoddard solvent-asphalt mixture used as 
the fluid base of their magnesium pastes was investigated. Only 
Vlstanex would dissolve in this material. 

The use of toluene and turpentine as base solvents 
further extends the list of soluble polymers. Butaclte (poly- 
vlnyl butyral) and ethyl cellulose swell strongly in turpentine 
but do not form continuous gels. Dow Styron (polystyrene) is 
soluble in both toluene and turpentine.  "Lucite" scrap (poly- 
methyl methacrylate) was tested In toluene and mixtures of 
toluene with gasoline and turpentine. The most homogeneous 
solutions approaching gel like consistency, arranged in order 
of apparent Increasing viscosity, were: 

% Methyl 
Methacrylate 

10 
10 
10 
20 

Toluol 

80 
80 
90 
80 

Gasoline 

10 

Turpentine 

10 

Dow Styron and "Lucite" scrap were formulated In the IM-2 and 
IM-3 type gels using toluene and turpentine as solvents. Styron 
gave extremely thin gels while "Lucite" scrap led to soft, weak 
gels. Turpentine discolors on addition of caustic. 

Polystyrene, nitrocellulose, ethyl cellulose and 
Butaclte were dissolved In suitable organic solvents and gasoline 
was added until an amorphous precipitate of polymer swollen 
by gasoline was formed. These precipitates did not swell to 
homogeneous gels when dispersed in gasoline. 
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5* Emulsions 

Emulslflcatlon of polymer solutions In gasoline 
gave stable creams lacking In strength. Thus stable emulsions 
of 2-10# aqueous solutions of partly hydrolyzed polyvinyl acetate 
were obtained when the gasoline content of the emulsion was 86$' 
or less. No emulsion was obtained when 12.5# solutions of 
polyvinyl acetate in methanol vere dispersed with gasoline. In 
unsuccessful attempts the order of mixing was varied and glycol 
and glycerine vere added. Emulsions of NR polymer could not 
be dispersed in gasoline even on incorporation of caustic. 

6. Factices 

Attempts vere made to dissolve factices (polymerized 
natural oils) in gasoline or to prepare them In gasoline solu- 
tion. No satisfactory gels resulted. 

The following commercial factices obtained from 
Stanford Rubber Supply Company did not dissolve or swell in 
Blue Sunoco gasoline: Neophax A, AA White, Amberex Type B, 
and #15 Brown. Alkyd resins formed from linseed oil, which 
in 20# concentrations gave viscous gasoline solutions, vere 
heated at 250-280° until gelation occurred. After cooling 
they were tumbled with gasoline. The products swelled in part 
but no homogeneous mixture could be obtained. Linseed oil was 
gelled by heating at 250-260°C. This gelled oil gave a grainy 
solution in gasoline. 

In attempts to vulcanize oils and form factices In 
situ, 10 to 20# solutions in gasoline of corn oil, linseed oil. 
and oltlclca oil vere treated with S2C12 (4Q# by weight of oil). 
The solutions darkened but no gels or insoluble materials formed. 
When these solutions were evaporated and the residue treated 
with SaCl2, a vigorous reaction yielded an Insoluble factlce. 
This indicates vulcanization did not occur in the dilute oil 
solutions. When 40$ corn oil In gasoline was treated with 
S2C12, a jelly was obtained which reverted to an oil in one 
day. 

B. Preparation of Polymers not nov In Commercial Production 

The revlev of existing commercial polymers did not 
reveal any material available In large quantities that met the 
requirements of a methacrylate substitute. A second approach 
was to study the synthesis of polymeric materials or the modifi- 
cation of existing products so as to produce a resin vlth 
characteristics which existing data indicate are desirable. 
This study was limited to reactions that could be accomplished 
in simple plant equipment. 
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Two basic types of polymers appear useful as gasoline 
thickening agents. The first Is a linear polymer like isobutyl 
methacrylate whose fluid gasoline solutions gel on addition of 
aqueous caustic, and the second a cross-linked polymer such as 
rubber or the polyvinyl ethers which swell rather than dis- 
solve to give viscous gasoline gels. On the basis of the work 
on methacrylates, ethyl cellulose, and polyisobutylene, it is 
believed that the ideal methacrylate substitute of the first 
type would be (a) gasoline soluble, (b) of high molecular 
weight., and (c) contain functional groups capable of reacting 
with the gelling agent. A substitute of the second type (require- 
ment (c) not met) would Involve considerably higher molecular 
weight resins. 

The solubility criterion eliminates the polyamides 
and highly cross-linked polymers such as urea-formaldehyde, 
phenol-formaldehyde, and most of the alkyd resins. The major 
types of polymers which offer promise are the polyesters, 
vinyl esters, vinyl acetals, and cellulose ethers and esters. 
The Initial problem Is to Incorporate substltuents (long 
paraffin chains) on these polymeric chains that will produce 
gasoline solubility. The second phase of the problem Is the 
introduction of reactive groups. Typical of the materials 
whose preparation was contemplated are cellulose stearate 
phthalate, butyl cellulose modified by etherlflcation with 
hydroxyacetic acid, the vinyl acetal prepared from a mixture 
of 2-ethyl hexaldehyde and glyoxalic acid, and vinyl stearate 
sallcylate. While gasoline soluble cellulose and vinyl resins 
could be prepared with difficulty, degradation occurred during 
Introduction of functional groups so that only low molecular 
weight materials were obtained. 

1. Cellulose Esters 

Cellulose trlstearate was successfully prepared by 
reacting at 125-140°C. alpha-cellulose with a large excess of 
stearyl chloride in xylene solvent In the presence of pyrldlne 
catalyst. The amorphous product was difficultly soluble or 
became swollen In hot gasoline and was soluble In naphthenic 
acid. The use of a quinollne catalyst containing a trace of 
iodine gave an exothermic reaction which could not be controlled; 
the low molecular weight product gave very fluid gasoline solu- 
tions . Since the high molecular weight cellulose esters proved 
only difficultly soluble and were readily degraded by further 
treatment, the modification of the triesters to incorporate 
acidic groups was not attempted. 

The laboratory study of the preparation of cellulose 
esters is summarized In Table 23. Alpha-cellulose, sodium 
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eellulose, rayon and acid pretreated cellulose were all studied 
as starting materials. Only alpha-cellulose gave high molecular 
weight products. The principal requirements on the solvent 
were that It dissolve the product and that It boll above 130°C. 
Xylene was preferred hut tetrachlorethane was especially 
effective In converting the dlstearate to the trlstearate. 
The only catalyst which caused the formation of a light colored 
product was pyrldene. Both qulnollne and alpha-picoline caused 
considerable decomposition and the formation of a dark residue. 
Acid catalysts were less effective. 

Cellulose dlstearate and cellulose dllaurate were 
prepared by the use of lower temperatures (135°C.) and lower 
concentrations of catalyst and acid chloride than were ultimately 
found necessary for the preparation of the trlstearate. The 
cellulose dlesters did not swell In gasoline and did retain the 
fibrous shape of the alpha-cellulose while further substitution 
yielded an amorphous powder. The cellulose dlstearate could 
be converted Into the trlstearate by continuation of the reaction 
at higher temperatures. Attempts to solublllze the dl or trl- 
stearate by treatment with POCI3, stearyl chloride, or stearlc 
acid tended to degrade the polymer. 

A few gel preparations were made with two samples of 
cellulose trlstearate. The high molecular weight material 
(8-21) was not sufficiently soluble to act as a thickening 
agent while the low molecular weight product (R-3) behaved 
as would stearlc acid. Only weak, friable gels were obtained. 

2. Polyvinyl Acetals 

The synthesis of polyvinyl acetals Is summarized In 
Table 26. A gasoline soluble polyvlnyl acetal (Runs V, A-l, 
A-2) can be prepared by heating polyvlnyl alcohol with 100$ 
excess 2-ethyl-hexaldehyde (the longest chain aldehyde com- 
mercially available) for 19 hours at 70-80°C. In a mixture of 
butyl acetate and butyl alcohol with sulfurlc acid catalyst. 
This product had an acetal content of 80# which Is the theoretical 
maximum*. Experiments with other diluents and catalysts produced 
a gasoline Insoluble type of acetal probably due to a lower 
(70£) degree of substitution. 

Attempts to Introduce acidic groups Into the polymer 
by simultaneous or subsequent reaction with ortho-hydroxy- 
benzaldehyde (A-3,^) or hydroxystearlc acid (A-5) were un- 
successful. Apparently the large excess of 2-ethyl-hexaldehyde 

♦Random spacing of the acetal groups on the polyvlnyl chain and 
consequent Isolation of occasional hydroxyl groups make higher 
acetal contents Improbable. 
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requlred to obtain a gasoline soluble product prevents reaction 
of the polymer with the other reagents. 

The polyvinyl acetal of 2-ethyl-hexaldehyde did not 
have a sufficiently high molecular weight to gel gasoline 
when present in concentrations of 5-10$. The addition of 
aqueous caustic to these gasoline solutions caused a large 
increase in viscosity but no gelation. Gels made with Qf>  of 
this polymer combined with stearlc and naphthenlc acids had 
excellent adhesion but were too soft and weak to warrant further 
study. 

3. Polyvinyl Esters 

A number of reactions designed to yield polyvinyl 
stearate or oleate and employing polyvinyl acetate, polyvinyl 
alcohol, polyvinyl chloride and vinyl acetate monomer as raw 
materials were tested (Table 27). Only the reaction between 
polyvlnyl acetate and stearlc acid gave the desired product 
and in this one case (S-3) the reaction conditions were so 
severe (150-175°C. at 30 mm. pressure for 24 hours with o- 
toluene sulfonlc acid catalyst) that excessive degradation 
occurred. 

4. Polyhydroxystearic Acid 

Samples of polyhydroxystearic acid having neutral 
equivalents of 2500 and 4600 were prepared by heating hydroxy- 
stearic acid several days at 200°C. in the presence of traces 
of adlplc acid and octadecanedlol as catalyst (procedure 
described in U. S. Patent 2,147,647). A sample of higher 
molecular weight was received from the Standard Oil Develop- 
ment Company. In moderate concentrations (10# or less), 
gasoline solutions of the two higher molecular weight samples 
do not gel on the addition of caustic, while the low molecular 
weight product gave a very weak soap gel. Fight gels made 
to appraise these polyesters, both as methacrylate substitutes 
and as soap-forming acids, proved to be substantially identical 
with equivalent formulations containing no hydroxystearlc acid 
polymer. 

C. Polymer-Free Gels 

This section briefly outlines gelling experiments 
with miscellaneous materials. When gels were obtained they 
were weak and had a high solids content. 

Gllsonlte and other soft asphalts do not toughen 
rosin soap gels in gasoline. The addition of stearlc acid to 
a gasoline solution of asphalt produced no gel structure. When 
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oumar gum and cottonseed pitch were dissolved In rosin- 
gasoline mixtures the addition of aqueous caustic yielded 
weak, friable gels resembling the resin-free soap gels. The 
following materials were insoluble in gasoline: ester gum, 
pine tar, Rezyl #12 and #19, and Advagum (Advance Solvents 
& Chemical Company). 

At 140°F. cyclohexanol stearate will dissolve in 
gasoline in concentrations up to 10#. When these solutions 
cool to room temperature, a soft, weak gel results. 

As indicated in U. S. Patent 879,193, a mixture of 
1 part sodium stearate to 4.5 parts sodium silicate vlll gel 
gasoline. To obtain a homogeneous gel, however, approximately 
a 50$ solids content is required. 

When kneaded into gasoline or gasoline-kerosene 
mixtures, active carbons will form heavy pastes. In this 
pigment type filled paste 4o£ carbon black is the minimum con- 
centration that will yield a non-flowing mixture. 

The reaction between lndandlone and laurylamine In 
gasoline solution yielded a weak, friable gel when the con- 
centration of the organic reactants was lCp. 

Attempts to prepare gasoline soluble materials by 
Friedel Crafts condensation of adlpyl chloride with aromatic 
hydrocarbons gave only Insoluble tars. 
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APPENDIX A 

Physical Test Procedures 

The following detailed procedures supplement the 
discussion of test methods given In Section IV. 

1. Parallel Plate Consistency Test 

The apparatus consists of two pieces of plate glass, 
12 Inches x 12 Inches, contained In an open-top box. It Is 
convenient to have a paper with four lines crossing at 45° 
angles placed under the lower plate with the intersection 
directly below the center. A 2" circle may be centered on the 
upper plate. 5.0 cc. (+0.1 cc.) of gel are transferred to the 
center of the lower plate. A calibrated plug syringe as 
described below and In Figure 5 may be employed. The top 
plate Is loaded centrally to bring Its total weight up to 2.0 
kilograms (+10 grams). One edge of the top plate Is allowed 
to rest on an edge of the bottom plate; the other edge of the 
top plate Is lowered gently until the sample resting on the 
lower plate Is spread to a two Inch diameter circle, and Is 
then released. The extremities of four equally spaced 
diameters of the circle of gel are marked with India Ink dots 
between 55 end 65 seconds after the top plate has been released. 
The plates are then separated and cleaned with methanol. The 
diameters are measured to the nearest millimeter, and the 
average is recorded as the result of the test. An average 
of the results of three parallel plate tests on a gel is taken 
as the final value. Any serious irregularities of the circle 
formed should be noted. The test should be run at a tempera- 
ture of 25°C. +3°C. 

The plug syringe suggested for use with the parallel 
plate test is composed of two concentric pieces of glass tubing, 
a seal between the two being made by an annulus of neoprene 
tubing. Dimensions are given in Ilgure 5* The larger diameter 
glass tubing serves as a cylinder, which should be calibrated 
to deliver the required amount of incendiary filling. The 
smaller diameter tubing, to which a section of neoprene tubing 
is held by friction, serves as a piston to remove the in- 
cendiary filling from the syringe. 

In order to withdraw a sample, remove the piston 
from the cylinder, insert end "A" of the cylinder into the ma- 
terial to be tested, and apply suction to the other end until 
the cylinder is about two-thirds full.  Insert the piston in 
the cylinder, pushing the piston down to meet the surface of 
the sample, allowing the air to escape through the bore of the 
piston.  (The piston operates more smoothly if moistened.) 
Push the piston in to the calibration mark on the cylinder, 
cut off the sample flush with the end, then place a finger over 
the opening at B" and force out the sample onto the lower 
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parallel plate. Any sample adhering to the piston can be 
transferred to the plate by means of a spatula. 

2. Modified Stormer Consistency Tests 

The equipment is described in an article by Geddes 
and Davson (J. Ind. Eng. Chem., ^k,  163 (19*12)-) • A sample of 
gel which has not been worked in twenty-four hours is transferred 
to the modified Stormer cup taking normal precautions to prevent 
inclusion of air. The cup is filled nearly to the top and 
the modified Stormer paddle is then Immersed In the gel to a 
depth indicated on the paddle shaft. After the gel has rested 
30 seconds, a load of 1400 grams, or for very thin gels 800 
grams, is applied. This load gives the gel an Initial working 
of 10 revolutions. The time required for a succeeding 100 
revolutions or In the case of very tough gels the revolutions 
made In 5 minutes is then measured. This Is reported as R.P.M./ 
1400 g. With the F-241 and F-107 gels the rate is nearly 
constant throughout the 100 revolutions. With a gel which 
work-hardens, the paddle will speed up and slow down in an 
obvious manner many times during the course of a test. Some 
gels will break under the load. The rate of rotation will be 
very slow during the first approximately 10-20 revolutions and 
then will rapidly increase. A very large part of the time 
required for the 100 revolutions will have been consumed during 
the first slow period. This effect is most marked with gels 
containing high concentrations of soaps. Besides the numerical 
figure, the Stormer consistency may, therefore, bear the 
notation uniform, work-hardened, or broke. 

3. Burning Rate Tests 

The gel is burned outdoors in a draft-free area 
provided by an open topped "Transite11 cubical box 1 yard to a 
side. 

a. Method A 

A 100 gram sample of the gel to be tested is spread 
uniformly over the inverted top of a 2 quart friction top can 
which is 7 Inches in diameter. The top acting as a tray is 
placed in the center of the floor of the "Transite" box. The 
gel is ignited and the duration of the flame determined by 
means of a stopwatch. The average of three values is reported 
as the burning time. The weight of the residue was sometimes 
determined. 
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b. Method B 

Very strong gels cannot be spread In a reproducible 
manner over the 7 Inch circular area. A 50 gram sample Is 
therefore molded Into a 2-3/4 Inch cylinder by allowing the gel 
to stand In an ointment jar. The jar Is then Inverted and the 
molded sample placed In the center of the 7 Inch can top and 
Ignited. Not only the burning time but also the tendency of 
the gel to flow during combustion are observed. None of the 
gels spread sufficiently to completely cover the seven Inch 
circle. 
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APPENDIX B 

Summary Sheets - Tables 15*27 

Information of a factual nature has teen summarized 
in tabular form in this section. The tables are arranged in 
the order to which they are referred in the text. An overall 
view of the various gel ingredients tested can be gotten from 
Table 15 which lists the source and value of the materials 
tested and from Table 18 which includes the composition and 
Stability of experimental gels placed in surveillance. In 
the tables the abbreviation I.P. for interpolymer is used. 

The notebooks in which the original data have been 
recorded have been deposited in the Ammonia Department files 
and are available for reference. These are N.B. 884, 965, 
971, 973, 978, 998, 1049, 1059, 1116. 
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Materials Uead la Pol Formulation Studlcc 

IB» C.I.S. 
to_        Seaolfloatloa     

A. oatorUl» ahloh Prorod most Deeful U Present Study 

Polymeric Thlokener   Polylsobutyl aetheerylete 

Interpolyaera of leobutyl 
aothaoryleto «lth 0.1, 
0.2 and 0.» of aethe- 
orylle »eld reipeotlvely, 

Polyvinyl other 

Aluminum lotpi 

IIR Orede 
it Und« 
0.1 Interpolyaer 
0.2 
0.5 

Soep-Foralng *«"• Stearlo «eld (hydrogen- 
atcd flik ell) 

Stearlo «old 

laphthanle «eld 

RE-W 

Nepal« 

Hydrofol «>1 

Trlpl. Proceed 

Nuodes 2k0 

12) 

1<* 

Wood POllB 1.0. 
Olelo «old U.S.P. 
Sulfonnted •■■tor oll Turkey IU4 Oil 
Diaerlsed «oybesn oil Midi Iiperlaental 

Gelation Agent ■■OH Taeholeal 
Ca(OH). U.S.P. 
C«0 O.S.P. 

Full Gaeoline, «OBBorelal 
motor wo 

Purol Naphtha «2 

Eaao Winter Base 

Blue Sinoeo 
Toluene Toluol 

Filler alpha-oellul oca 

B. Materials of Possible Volia for Futoro Study 

Polyaerlc Thickener« FulyUobutylene 
Ethyl celluloee 

Vlatanei 100,000 

Soap-Foralng Aelda Cottonaeed oil aeldt 
Soybaan oil acids 
Sardloa oil aelda 
Tall oil aolda Llgrc, Indueoll 

llyrlatilene 
U.S.P. 

Myrietie acid 
Rlclnolelo aald 
Diaerlsed wood roala Poly Pale Resin 
Hydrogenated anod roaln StaybeUlte 
''nknown T-1J2 Ree'n 

Gelation Agent Ca(OH). (JlXltaO) Fertiliaer Grade 
KOH Technical 
L10H ■ 
Ba(OB). D.S.P. 

Soapa Aluminum aaphthaaata 
AluaniM palaiteto 
Alumlnua ataarata 
Laad laurato Eiperlaental chea 

lUlflH Activated charcoal 
Dejitroaa 

Darco 0-60 

C. Other Materlele Tested 

12* 

Polymeric Thiekeners See Section VIII and 
Table äi. 

Soap-foraing Aclda     Adlplc aoid 
Bensole acid 
Phenol 
Phthalle aald 

Laboratory reagent. 

Eiperiawntal  Chealcalo 
etearic acid 

2,li-Diaethyl pantanoic acid 
li.t--31 butyl ai-cresol 
Esters of dlaeriied eoybean 

oil acids 
Paraffin acida branehed 

chain eontg. 10-1A C etoaa 
Sulfonlc sein of C-t   to C- 

20 hydrocarbons 
Sulfonaaldea    " 
Kulfonyl chlorldee ' " 
Lignln eUarate Meadol 
Terpene aalalc anhydride       Petrel Aelda 

sad jets 

Blown eaati 

HaHCO. 

ZH'UHT, 
NH.C'H (27* aoln.) 
Tetrsethanol canon I ua 

hydroiida kOt 
All other ealnee (see 
Saetion V 

ADW-100 
OKo-W-7-1/2 
Heavy bodied 
m 
U.S.P. 

Eiperlaantal Cheaiicale 

I. I. duPoot do Nemours A Co., 
-       -LDaot. 

General Aniline A Film Corp. 

Huodei Produeta Co. 

Warner 9. Smith Co., 
Cleveland, 0. 

I. I. dnPont do loaoura A Co., 
Organic Chealeal. Dept. 

Huodei Products Co., 
Elisabeth, H. I. 

Hercules Powder Co., Vila., Del. 
Merck A Co., Rahwey, H.J. 
Hercules Powder Co. 

Mslllnekrodt Chemical Work. 

Pure Oil Co., Haath Refinery, 
Newark, Ohio 

Standard Oil Development Co., 

r.uü'ÜK'coapany filling «tatloi 
E. I. duPont da Homoura 

Advance Solvent« A Chea. Co. 
Herculea Powder Co. 

Woburn Degroeelng Co. of. N.J. 

W. Vs. Pulp A Paper Co., N.T. 
The Beaeon Co., Boaton, Maaa. 
Merck A Co., Rahway. N.J. 
Heroulee Powder Co. 

Staneo Produeta Co., Eliaabath.N 

Malllnokrodt Che». Worka 

Elaer A Amend, N.T. 

From duPont Research Groupe. 
Delaware Chealeal Co. 
Eiaar A Aaend, N.T. 

Qualities Imparted to 
Oaeollno Pals _R?-rkf_ 

Toughneee. 

Tougbaaaa * eleetlolty. 

Viscosity - See 
Saetion nil. 

Body, stability, 
hardness. 

Fluidity and strength. 

lEiperiaental products. 

Other rrada«  Include 
Hydrofoil lit,  500,J05, 

Double and «Ingle' 
preaaed. 

Fluidity aad inetablllty. 

Fluidity. 
Fluidity aad etreogth.  Prepared by hydrolyele 

of Slaethyl eatare from 
USDA Northern Regional 
Raaoarah Lab.,Peorl«.Ill. 

Stability. 

Stlffneaa and in-     Ground la aleropulvorlior. 
elaetlolty. 

Sea Seat. nil. 

Same aa bj etearic acid. 

E. I. duPont da 

   Alao Baker'a P-20 Orado. 
Saae as bj wood roala. 

.J. "  " " ataaric add. 
Silently Inferior to U.S.P. 
Saae ae by NsOH. 

"  ' " Ca(OH). 
Body in the abaanee of baaa. 
See Section V. 

See Saatlon V. 

Geeoline ineol. 
Stiff, noii-edheeive, I 
Ineteblllty. 
Gasolins  lneol. 

Saae aa by etearic. 

No gelation. 

Arrher-Deniele-Midlend Co. 

Baker Ceetor Oil Co. 

Baker or Elaer A Aaend 

Carbide A Cerbon Chea. Corp. 

Weakneae and lack of 
etabllltj. 

Act as inerte. 

See Seotion V. 

Inetablllty, weak. 

NOTE«   Whan aeveral gradae of the saae aatarlal were teeted, only the aost 
proaielng la Hated. 

UHSnitt   row,,,» ■ Laboratory reegente ere standard reagonto procured froa Malllnokrodt 
Chealeal Worka, Elaer A Aaand, N.T., or froa raker Cheaieel Co. 

Eiperiaental cheaieel« aro aatoriala obtained froa other roeaareh 
groupe althin E. I. duPont da Naaoure A Co. 
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Table lb 

Iaobutyl ltetbmcrTUtt-Gaaoline Galt: 
Aaawnia and Aadnea ae Galling Agents 

CUSSIfQdWIQIM 

ML   DATA B.XK   PAGE 

F- 

r  

, Pol; 

1     1 

nje 

Aiine 
Na 

AE POLYMER Ai'ISI 3ELS 

5g 

n 

1.8   Z\ % Ajmngnia sogn. 

Z.\   Dietjjancl Arr.j.-e 

Ethvjene Diajineiog?. 

Vonoethanoi Amin 

l.z 

-.-'TER^I^HR ATE .IS 

O.lu Ethylene Diamiae 

o!on 

G.C5. 
CO* 
c.?l5 
O.lL. Vcacetagnol A.tfne 

or. 
8:87 

0.6 

0.11 

Sgb 

9S€ 1* 

H 

1.11 5.0 
i.lj 5.c 

1.it Isobutyl Arcine 
?.95 Tri-a-jutyl Amiae 
i.l   Tetraethahol "H«C-E 
C.73 Isolutyl Amiae 
l.o5 Tri-a-3ütyl Anr.ne 
4.22 Tetraettancl t «CH 

Isobutyl !.■ Lne 

Viscellaneous 
Name 

HnSICil PBÜPBRTIE3 SUR7EHIAMCE     I 
Viscosities, polae -tu r I 1^5 r. i 

Gardaer-Boldt .-rookf ield JESy» Dap ** Syn. :«y8 

REUAi ■?lK3 

Babble Tube Syfloro- 
lectrlc 

Stearic seid 
! 0.5 Naphtheaic acid 

10% NaOH     5.0 
Steoric acid 

Tugkey Red Cjl 

Tri-n-3u*yl Am:r.e 
m 

96.6 Tursentiae 
l.u7 Steirio acia 
0.51 a-Cellulose 
2.0 Clfiic, 5 ^'aratuenic acid 
2.0     I       5 I ! 

aqueous) 
12.0 3eazene di-o-sulfoaic acid 
9.5 2,tfephthol,6,3ulf nie aciu 

araaia  araaia 

25 

10 

12 
0 
C 

' 0 

CUBOT-crown» 

I 

3 Very soft -el. 
,2.5 Impact strengths),13-fc P.Flet& 
— ■---   '—- weak, 

weak, 
weak. 

,2.5 Impact strengt 
1 Room K  Ver|; 

1 ( "  • ). Very 
*io geilation. 
Room Temp. j. jag; , sfc 

Separation. Very weak. 

White auBpeasion.No gellati.r.. 
precipitata " " 

2 layers, no geliation. 
White suapeasioa.No gellsticn. 

■   fripsle high syneresii j -, '. 
2 layers, no_gell|tio 

neresis,-.\9«i< 

laygrs, slj?h 

IRccm Tejp 

gel. 

/ No gelatioa 

Very -.csk. 
Very -.eak. 
Very week. 
Very weak. 
Very -.veak. 
Very Tfeek. 
Yer. weak.   3cli_7 
^.OJU: as strung as/ 

Clear, aod. viscous,work naraens. 

Very clo|udy,sJ.visc.,.vj|r'< hardens. 

Clear ', "„     "n    ', I "a      •' 

' ■ * ■ ■ * ■   •• 

.3052 gave the clecrest in'talft. ;el 
of the k gels, M9-3C52. On 
stanaiag, wster settled out of 
5051 ana 3052. 

Clear »mod. vise,work aardens 
n a ■   ■ » ■    ■ 

ci°^':   : .:    : 
Very .". ,."  ." , " 
No t.-.i: r.r.::.=;. 
CJ.ear.weak gel, rork acrdens. 
Viscous, but cellulose settled out. 

.No, gelljtion. 

Separated into 2 layers. 
iNo fS'laMer ■ 
No geliation, but viscosity increase 
|Fluid. stro-g, v. elastic, aahesive 

!No fellatica* but rrecipitetion. 



CLASSIFIED   CONFIDENTIAL 

Table 16 
 (Sheet Ho. 2) 

Isobutyl Methacrylate-Gasoline Gels: 
Ammonia and Amlne» as Gelling Agent» 

CLASSIFIED  CONFOKNTUL 

. 
lljc 

~v.^K EASE 
Foljier 

1 8§k 

Azine 
"ie 

—:*.''*^i Miscellaneous 
Name 

^WTTJ^T. 

« 

5* 

-.?:.: ..: TeLggg IB :"T'i.t'::r^= A::?:Z GELS 

£.0 0.1   tagft>ta|BO] Amjne      0.2       9fc-7    Toiluene 

?-"8 Oil        "     ■ 
5.c o.i      "    "        " 
5.o 24      2   I        ■ 6.0 o.i      ■    ■        ■ 
f.o c.i       •    ■ 
5.0 0.0?'5TetrEir.eth.Li«.'r.jne 
5.0 c.055 
5.0 offl      "              " 
5.0 0.05ti        *                  " 
5.0 0.055     "            " 

EFFECT CF zuinr* AIE:-; n nmBgorapj» t"'T'£ apjfa 

Vlscisltlis.'fcise -t5*F".~""TZ5*F. 
Jerdner-Holit    rirockfield £Syn, Laje^Syn. Dajg 
Bubble Tube        Sjncro-   eresin   eresin 

leotrio 

ROANS 

0.12 ttycine 0.6 
0.17 üietnanol Aniine C.I 
C.15 Üonoäsobuts.'iOi Ar.ineO.l 
0.16 Aniline 0.1 
0.26 Dipbenyl Amice 0.1 
C .:7^Htka?.eth.vlenevia.iir.eC .1 
0.10 Tri°tr.yleneTetran.ineo.l 
C.1C tthftaclemineicrzal 0.1 
0.055Tetr&reth.Disr.ine 0.1 
Ü.11 DecerethyleneDian.iiifC.1 
0.10 k'onoethanol ;.mine 0.2 
0.067Pentac:eth.Diez.ine 0.1 
:. - Trrr.ethyleneDiair.ine ( .] 

OTHER A-V:VE ÜELS 

i?-° •. 
Cyclohexylamine Stearate 

56     5KR 10 .c 

Tojluene P 
12.'9 

m 
19.0 

m 
19.0 
19.0 
19.0 

2.6 Smoked Sheet 
2J-       " S 

Mote: Cycl0h.ex7lar.ina Stearate 
reis were "rejared by 

Rubber Jissoivin-" the stearete' at 
75°C.,theh cooking the . 
resultlr.3 solution to 25°C. 
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Very fluid,steerate precipitated. 

.Very*soft,5?icky,r.on-fluid gel. 
Stiff,sticky.non-fluid. 
Soft,peaty. 
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Table 17 

CowparatiTe Burning Rates of Incendiary Gels 
umommm 

COMPOSITION 
Polymer Hy.irofolNaph.Acid Miscellaneous  I'iscellaneous 

% % %        Name     % Name 

GEL DATA BOCK PAGE 

VhTHv.-" A ( 101 g. spread over 7" diameter circle ) 

ilymer Toluene JiO)SNaOH 

IM-i     1118 
f-llOb   965 

STANDARD GELS (AE Polmer). 

1.25 Water 

: 

AE POLYMER GELS. 

167 
■ 

115 
I55 

I \ 

IITERrllly-R I5EIS. 

IS 

1:8 
2.50 
2.0 
3.0 
5.5 

2.0 CaO(-ltOmesh) 

li.O     •   • • ■ 
3.1 •   " " ' 

3.1 
Dimerized Soy Bean Oil Acid 
2%% NH»,aqugous 

37.6 

bTurp. 

0.07 Water 0.067 Monoethanoi Aaine 

¥ 1.5 
2.0   T-I32 ReainiStanco Dist.). 

A».V  RE RESIN»S0LUTI0NS. 

15.0 
15.0 
15.0 
15.0 

VET-L: B ( 50 g. in 2 W aiameter mold ). 

IK-! 
IV-3 
Dh|    1152 
NF-1     1118 

11J8 §6 

» 

SBgDARD ---IS. 

2 AE       3 
3 AE        I 

15.5 Haptls 

INTtRPCLr ER TOLUENE GELS. 

1.25 Aater 

2.50     " 

2.0   CaO(-liOmesh) 

li.O      "        "    " 

«•JtWf 
4-sm 
AJ**/4 

4;-/ tl 
A- MC 
4-an. 

nie     s 

9b5 

2r 

187 

0.25 
0.* g-Cellulose 

0.5 "     " 

1.5 
2.5 

2.0 
2.C 

Turkey Rej Gil 
T-132 Resin(Stanco Dist.) 

20 

20 
I 
20 
cl> 
20 
2. 
<2C 
A; 
2C 
15 

BURNING 
Time, 
min. 

fc.5 

87.5Turp. 
' 87.6TU f 

k*3 

1.5 
2.1 

i.c 
1.0 
1.0 
l.C 
I.C 
l.C 
1.0 

S3 

..? 

1.0 
1.0 
... 
..c 
1.0 

11 
2.5 
3.0 

l.S 

REMARKS 

1M-3 made with toluene in place of gasolene. 
ju7 ■■ ■■■■ ■* 

IM-3 made wjth turpentine in :iacr of gasglene. 

Use of Soy Bean Oil Acia for Naphthenic Acid. 
Vge gf \"Kt0H as, gelling agent jr. : Ijce gf NagH jr Ce/). 

5/K Of 0.3 Interpolymer solution in gasolene, uagelled. 
Use of an Amine Gelling agent in place of NaOH or CaO. 
lFifc-l3li9 Effect of concentration of rolymer and type 
of inter polymer (percent J/ethacrylic Acid;. 

Gels 19llfa,19ii7.19l*8 did not spread well on ourning pan, 
hence the burning times are not very rccurate. The effect 
of the 15/E Toluene is very little. 
Use of low soap concentrations. 
use of l:w soap ana bodying agent concentrations. 

Re Resin: A polymeric composition from the General Anil:ne 
ena F'lm Corrorttion, C-de Mo. Re 302-D-19- 

Soap :ormin? tcid? and other belying agents irxresse the 
turning tiae 0:' the sei except for sapnthemc Ac:a. This 
acid rfcüuces a more fluid gel than the. strair:.t  inter- 
rolyr.er rel am u    about the s- :re burning ti:-.e. 

■MS 
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tool « 
/007 • 
>••* 

•003 

» «•¥ 
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Jof* 
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SOO 
Je. 
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J-«J 
J»* 

/wo« 

• 'j 

AS9 

3o9 

J3*3 
trt '/- 
■•te 
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7SO 
-Ji9 
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733 

733 
7*8 
■:ji 
7Z7 
73» 

-f 

TM 
7JS 
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9kS 
97J 

ft« 

9is 
993 
.0*9 
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*"df 
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J 
S 
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s 
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J3 
J» 
J-7 
3f 

30 

3 I 
JO 
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3 o 

Stability ' 
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OJ» J-3 
3.3 

• ixP     is 
0.O3SZP    J.S 
AC J 

Al -3* 
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At 
Al 
A£ 

3 • 
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Jo 
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At 3.0 
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IS 
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J o 
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3.0 
JO 
J* 
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IS 
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Tnbl» 19 

M-b9 firing Ttitt mt Standard Oil DaTalopaant CMHIIT 

Coapoaltlon of 0*1, Par Cint 

ggj. Wo. 

F-2 

Matnacrylate 
Polwr 

X" 
AE 
AE 
AE 

5.0 Hydrofol   Haphthanlo 
}.0 
5.0       ' 

i m 
bib 

bib 
bib 
fa2U 

0.055 I.P.*     2.0 Hydrofol   Naphthanla 
it 2.0       * " 

Par cent 
Aoldi 

_LJLJ_ 
2.5 2.5 • 
2.5 2.6 - 
2.5 2.5   - 

5.5 ).5 
5.0 ).0 
' ' 5.0 

1.0 

No. 
Bombi 
flrad 

-JT-ltO'F.    ' 

Adhering r   '- 

0.2 later. 
poly-r 

0.1 Inter. 
poljwr 

:     g 
Wood roaln 2.0 2.0 2.0 

5.b? HaOH Sol'n. 
}.b? NaOH Sol'n. 
5.b? HaOH Sol'n. 

2.0 
2.1) 
2.0 

2.0 2.0 2.0 
2.0 2.0 2.0 
2.0 2.0 2.0   0.5? '-ealluloae 

2.0 2.0 2.0   0.5*"-oelluloM 
2.0 2.0 2.0   0.5?«»e*llula** 

iphthrale 

iphthanlo 

2051     0.5 I.P. 1.0 Oltio Wood roaln 

tiZi 

20t7 
201,7 

aogz 
zv > 
20'2 
K01 

0.2 
0.1 

0.} 

0.5 I,». 
0.5   ■ 
0.5   " 
0.5   " 

IS3 
rlJ 

20U 

0.5 
AE 

0.5 LP- 

0.5 I.P. 

2.0 * 
2.0 ' 
M I 
1.5 ' 

2.0 Olalo 

2lo • 
. .0 " 

Hydrofol 

2.0 2.0 2.0   0.5? *•* 

1.75   •     - 

2.0 5.0   - 

2.0 2.0   - 
1.0 5.0 1.0   0.5? -t-e«llulo** 

Wood rogin     Stearle 

Wool roaln     Staarle 

2.0       ' 
2.0 Hydrofol    Turkey hei 

Oil 
1.0 X-lOJi 

1.0 X-10U 

0*1 5 day» old 

-     0*1 Hi  lay* old 

IS Dareo 
0.5? "-celliiloae 
0*1 5 daya old 

-     0*1 lit day* old 

Hydrofol 

3*1 5 daya old 

2.0 a.O   . 

2.0 5.0 1.0 
2.0 1.751.5 
1.0 2.0 1.0 
1.0 2.0 1.0 

2.0 5.0 1.0 Sal 5 daya old 
2.0 5.0 1.0 ' It " " 
2.0 5.0 1.0 * 22 " " 
2.0 5.0 1.0     ■ 5b   " 

2.0 U5 1.5 0*1 5 daya old 
2.0 U5 1.5     ' 22   " ' 
2.0 L751.5 ' 5b ' ■ 
2.5 2.5   - 

5.0   -     - 

2.0 Hydrofol   laphthaale     «god roiln 2.0 2.0 2.0   2.0? Daroo 
2.0 Slearle " * *     2.0 2.0 2.0   0.5? —eelluloaa 

3*1 5 day* old 
>1 lii day* old 

5? bodlad llniaed 
oil 

5.0   - -     5? bodied lln***d 
oil 

-»^W «t 12VF.     — 
tTaraga f^tT 

5 
10 

9 
1 
70 

19 

I 

2r. 

10 

No.      Mhorln*       la No.      Adhering 
Boaiba to        Target   Boab* to T*rg*t 

8 
0 

2 

1(0 

15 

80 
ÜO 

M 

10 

\ 
I 

•w 
lb 

1 
i<- 
10 

1 
bO 
90 

25 

100 

1 > 
55 9Ö 

h 51 

5 55 

200 ep*. 

AE Polyawr 

*>.0 Hydrofol 
5.0  ' 

Elo) ■ 
1.0) 

Naphthenio 
Turkay hed 
Oil 

Naphthanlo 

1.0 1.0 4.0 20? aoatona 
5.5 1.8 -  15?  * 

2.0 2.0   - 
2.5 2.5   - 

7.5* Uopropanol 
/.■if eee'on« 

1 Interpolyaar. 
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Table 20 

Tesss l-~> Vortar 

k-'ul A-J942 A-5945 MM A-5%5 A-Jit A-^87 A-Jtbfc A-ÄÖ9 A-A90 A-Ä9" A-A9B 

exposition, tt. J 

Gasolins 
Tolusn* 

6t.< 90.7 75.0 
20.0 

71 
2" 2 7C 

20 
7 
c s C 

c 
t9.e M 74.5 

20.0 
75.0 
20 .0 2o!o 

75.05 
20.0 

71 
20 I 

A£ FcljMr 
0.2 Icterpolyaer 

i'.O 5X • - - - M 5*0 
M 

0.? Interpolrter . . c"e «i !o 5 'o 
c 

0 
c"o Iilo Jilo 4.0 

Stesrlc Acid u.v 9.0 ■ 2 .0 1 •:■ l.c . lie 0^25 2 "o 
Ksphttsnic Acid • - 1*4 1*0 ■ • 
Turksy Rad Oil ■ 1*0 . 2 . - • ■ • . 
Ml Kesin . . . c !. • . • • ■ 
alphs-Cellulcse • . . . 0.5 . . M - 2.' 1.0 1 '." 2 "< 2 !o 2^5 1.5 1.0 1.0 i.t 1.2 1 *7 
CaC 4.0 
6V 2.c " * - - • • • 

Fhytieal Propcrtlei 

Parallel Plate .«. 7.2 lO.b e.e 14 t.r c.2 t.J 10.0 tat 7«5 8.0 b.e 
8.4 :»paet Str*r.gtr - P Seala Or.iti 

Ralativ* Burning Tine* - Htthod 3 
4.5 ■ « 8 U..2 W.T lb.o W 11.4 10.2 11.7 u.e - P b.5 M o 2.8 ).» 4.2 >.t 

kcrtar Firing Ttst 

Target 
Location of 3*1 

St..l   h.rlrari  PI.J..   kln.k   k.*L.J- 

On Target Vertical tali n 100 . _ . 7 . 15      - . _ . . 10 
Or. Apron 
C« Ground B z 1 10 

10 3 10 -    55 95    20 
5     10 

90    80 15 10 
70 

25 

In lun 
bcyona Target 

TU* to Initiate Vigoroua 
2 ■ ■ ; 10 10 20 

7l 1    J "    70 10     20 85 
10 
10 65 

iAooc .-ire. Kin. j m 1.5 k 4 t m 1 1       2 1.5      1 
5.0   2.5 

5 5 m 
Peak of fire, «in. 1 It 5 10 lc 1      5 2     10 2.5 

1 of  :•«. Burned in 10 sin. - 100 100 loo 6o 4o 29 -   100 95    90 80   100 . • 80 

t of Fuel in Effectir* Location Ü 100 9* 90 85 10 10 15    55 95    20 90    80 15 - 55 

t of Target Destroyed in 10 Min. If 5 
3*1 shatter- 
ed into sprays 
fire over at 
5«lr.. 

70 * <* 22 0 0    45 
Flaah 
fire 
cbarcoal 
■ood 

45    14 45    55 11 
3el boünoed 

off target to 
ground.   Fir« 
eitlagulshed 

X 

only. at 5 «in. 

Sescline:   Special "aphtha «2, Pur* 011 Corpany. 

AE Polyswr:    Isobutyl Methacrylate Folyacr. 

0.2 InUrpolyacr:    Intorpolyaer of Isobutyl Vethaerylate with 0.2? Ketbaerylie Acid. 

0.5 Interpolyaer: » • * • 0#JJ • ■ 

T-152 keain:   Product of Stanco Products Cocpany. 
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Table 22 

Pilot Plant Contlmoui Preparation of F-tl4 3elc 
Typo »nd Per Cent Ingrodlonta                                          Ope rating Sondltlona 
 WK «OH Solution"      e B  

Phyaical Ea'.e on Product 

Ron     Notebook   Page 
F-C |    f 

5 

1? 
:i u 

ic 

it 
17 

16 

Polyer Stearir 
Type«       FerTent       icid 

Material By 
Balance Analyai» 

5.24 Ji.9 
Jub" 4.6 
4.W 4.0 
ii.je 4.5 
ii.Ob 4.1 

3 1.02 

J 5.45 
> 4.09 
5 6.57 

(Jk.jSIIaOH) 

5 h'J 

5.c« 
4.92 
4.72 
4.29 

4.c 

4.1 
4.<* 8 
6.54 

i..2E 

4.9 

)«!■ lire 
•rr« 

Mixing   Throughput    Product   Impact Strength   Parallel Flate 
Speed hate        »eight C units roZT! 
(ft»)     lib./«in.;     (lb./     1 lay   2 «eeka     1 Lay   2 Aeek» 

PUPOI 112* IF 172= 
" "       1725 

"       1725 
" •       1725 

"       1725 

Purol 112; 4P 1725 

" "       1725 
" "      1725 

"      172* 

PUPOI 112' AP 1725 
1725 

"      1725 

Purol 98" AP   1725 
"   112' AP   1725 

Purol 112* AP 1725 
"       1725 

"      98' AP 1725 
* "       172* 

"      1725 

2.* 
'.12 
«.7t 
\M 
*.°i 

5.c6 

2.* 

2:5 
S:H 

2t.. 
2-.' 

2t.9 

2t.= 

It 
2L.i 
2t.C 

a..i 
.\.t 

5.6 
t.i. 
t.? 

4.5 g 
?:! 

»   tt 
6.9       7.} 

£2       4'.8 

9.b 8.1 
6.4 8.2 S 5 
9.b 9.0 

10.1 9.5 
lO.b 9-5 
lOJi lO.t 
11.5 11.2 
8.2 9.4 

8.4 10.1 
10.1 lOJi 
9.1 9.4 

9.1 9.0 
9.1 1C2 

 Surveillance  

r 3LP5 *^*F-   ' 
L aeet   l TST     1 Bär  lTöT 

0 
0 

Ü 
1 

c.5 
1 
l 

5 c 
10 

S 
25 

15 
IG 

5 

2 10 
0 20 

15 
10 
15 

Purpoie 

S 

I 
Vi 
a 

s 
1 

26 
10*3 

A£ 
AE 
At 

-.72 

tig H Purol 96" AP   172e 

!   :   £ 
<._C 

<.t2 
21 .t 

« 
e.b 
9.5 

10.2 % 
10 
15 

1C*9 
1059 

15 
It 

4.58 
4*5 

4.55 
t.*7 

Purol 99* AP   1725 
172= 

3J.- 
•J.t 

7'.C 
Ut.C 

-.7 ">.= 
L- f|   [ignltlo. 

■ 

AE 
AE 
AE 
AE 
AE 
AE 

AE 
AE 
A- 
AF 
t- 
AE 

AF 
U 
AF 
AE 
AF 

if 
AE 
A- 
AE 
AE 
Ar 
AF 
AE 

4.55 

4.51 

( 32.3? ) 
( RaOH   ) 
( Sol'n.i 

4.5* 

Purol 98* AP   1100 

=2G 
"        " 550 a . 2JC 

lb5 

Purol 99* AP   1100 

^        Ü 7fc5 
;   •    52o 
•        * 5% 
:   :    230 

lt5 

Purol 98* AP 15 
625 

HOC 
1725 

Purol <*' AP     lt5 
' 230 

350 
■ 520 

625 
"        1100 

1725 

II 
\bc 
5.51 

1.26 

i 
3.11 

?;<£ 
-.90 
7.70 

5$ 
6-1 

ft 

Sä 
12.05 
19.5 

If.' 

*.L. 
li-.C 

-..7 

Si 
21 .C 

14.95 
14 .c 

14.45 
1S95 
18.3 

2r._ 

6.5 
5.§ 
b.C 
b.2 

5-i 7.6 
u.o 

5.9 
c.l 
b.9 
7.1 

11.2 9.9 
11.2 10.7 
11.5    lo.l 

Si 81 .... 
11.3 U.5 
10.9 11.1 
11.2 ll.t 
11.5 11.6 
11.6 11.0 

9.6 
9.1 
5.1 

1C.1 
9.2 
9.4 
9.3 10.2 

10.2 10.5 
10.8 10.2 
1C.2     10.4 

n ü 
u °i5 

1 

s-s 

HR and AE laobutjl aathacrylate polraera.   I.F. lnterpolyawra of iaobutyl ■e'hacrylate and ■ethaerylie aeld. 
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Title .-f 

Preparation of Cellulose Eaton 

■frarants, B. rolTfnt», g. .•■•■llT?- 
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